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ABSTRACT 
The use and availability of computer software in support of music composition 
developed dramatically during the latter part ofthe twentieth century. As technology 
advanced, so did the ability to compose, notate, and edit music using computer software. 
The use of notation software has impacted music education. Many high school music 
educators have implemented music notation software into their music courses. The 
purpose of the present study was to gain a greater understanding of the practice of high 
school music teachers who use music notation software in their music classrooms. The 
specific research questions guiding this project were: 
(a) How do the high school music teachers in this study describe their experiences 
with music notation software in the music curriculum? 
(b) What do the high school music teachers in this study believe students learn 
through the use of music notation software? 
(c) How does using music notation software influence the teaching practices of 
the high school music teachers in this study? 
Vl 
This was a collective (multiple) case study investigating how three high school 
music teachers at three different schools used music notation software in their curricula. I 
(a) observed and audio recorded music technology classroom instruction, (b) took field 
notes, and (c) conducted personal interviews over the course of one nine-week high 
school marking period. Each participant was observed and interviewed three times. The 
interviews were audio recorded and field notes were taken during each observation. A 
system of coding was employed to organize the data into categories for analysis. Member 
checking, triangulation of data sources, bias clarification, peer briefing, and an external 
audit were used as measures of trustworthiness. 
Findings ofthe study indicated that music teachers used notation software 
primarily for teaching students music composition, theory, and ear training. The findings 
also revealed that music teachers observed in the study preferred the use of music 
notation software over traditional means of teaching and noted an increase in its 
pedagogical value in the classroom. Additionally, the results of the study showed that 
music teachers observed an increase in student classroom engagement and adaptability 
when using music notation software. 
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Chapter 1: Introduction 
Technology has not only radically changed business, communication, and society, 
it has forever changed the way people listen to, consume, create, and learn music. 
Technology such as computers, keyboards, and music education software has also had a 
profound effect in music classrooms. In particular, software is constantly being 
developed, refmed, and implemented in music technology curricula. 
Music notation software, software designed to create musical scores and parts 
from a computer workstation, is among this category of music software that has 
undergone continuous development over several decades. Although music notation 
software was developed primarily for notating and printing music, it is now widely used 
by music educators for creating, teaching, and learning music. Nevertheless, this software 
was not designed for educational purposes and there seems to be little information on 
how this software might be used to teach musical skills and concepts. This study will 
seek to better understand how music educators use music notation software to support 
creating, teaching, and learning of music. 
Since the introduction of music technology in music classrooms, music 
technology has become a valuable tool for supporting music teaching and learning. 
Schools have installed music technology labs throughout the United States. Experts have 
been offering courses and workshops to train music educators to use technology, and 
developers have introduced a range of software to teach musical skills and concepts. 
Numerous studies have found music technology to be advantageous to music learning 
(Dorfman, 2006; Fern, 1995; Ohlenbush, 2001; Picconi, 2003; Rudolph, 2004; Stell, 
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1999; Watson, 2011; Webster, 2011; Williams & Webster, 2006). 
Between 1985 and 1994, music technologies that made use of 16 bit computers, 
MIDI specifications, and CD-ROM drives for playback and storage began to appear in 
music classrooms (Webster, 2002). In addition, interactive music education software 
programs such as Practica Musica, Music Ace, Auralia, and Counterpointer were 
introduced during this time (Webster, pp. 39-40). This category of software is typically 
referred to as programmed instruction music software because students are asked to 
"follow a sequential set oftasks" (Dorfman, 2013, p. 11). Programmed instruction 
software is most commonly used in the study of music theory. 
Programmed Instruction Software 
Practica Musica provides computer exercises that train the user in fundamentals 
of music such as note reading, interval identification, and chord spelling. The program 
provides the user with audio examples of the exercises so that the user can hear an 
interval or chord spelling being played correctly. They feature multiple ways to input 
responses by the user, such as through the computer keyboard or a MIDI keyboard. 
Assessment includes exercises graded for difficulty with the instructor having the ability 
to monitor a student's progress. Scores from the exercises can be saved for assessment 
and later retrieval. 
Counterpointer is software that provides exercises in counterpoint and figured 
bass. The software can evaluate both species and free counterpoint. Counterpointer can 
provide exercises consisting of cantus firmus examples that are computer-generated and 
randomly created as well as exercises that are defined by the user. The program also 
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provides exercises in the realization of Roman numeral and figured bass identification. 
Like Practica Music a, it produces audio examples of the exercises with the option to 
save, print or export as MIDI files for later retrieval. 
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Music Ace is a program designed for teaching music fundamentals to beginning 
and intermediate students. The program features 2,000 examples presented as 24 games 
that help teach students note identification, standard notation, rhythm, listening skills, and 
harmonic intervals. The games feature richly animated graphics, digitized sound, and are 
graded for complexity. 
Auralia is a drill based ear-training program. The program provides 41 topics 
ranging from intervals and chords to harmony, pitch, and melody. The topics are graded 
and instant visual and audio feedback is provided via the user interface. Answers to the 
exercises may be input by singing or playing into a microphone or by using a MIDI 
keyboard. 
In addition to research, anecdotal reports support the use of technology in music 
education. Music educators have acknowledged the effectiveness that this type of 
software (programmed instruction) has on learning. The websites for Practica Musica, 
Music Ace, andAuralia are full oftestimonials from music teachers who use this 
software and attest to its effectiveness in teaching music. The software has a relative low 
cost (typically under $100 for a single user), rich graphic/audio interfaces, and the 
interactive nature of its design helps to create an increase in students' motivation to learn. 
This type of software allows a student to work at an individual pace and have work 
instantly evaluated. In a study of computers in music education, Brandao, Wiggins, & 
Pain ( 1999) acknowledged that "the role of computers as highly specialized multiple 
choice questionnaire administrators, and the use of programmed learning and drill & 
practice continues to dominate this kind of teaching" (p. 2). 
Music educators share several concerns when using programmed instruction 
software in their curricula. For example, this type of software does not typically foster 
student creativity, although there are some tasks given to create simple melodies or 
chords. Additionally, students who are more advanced or just beginning to learn music 
may become frustrated with the software, as they perceive it to be either too fast or too 
slow. Finally, these programs are usually written with single users in mind and not for 
use in a lab situation. Teachers may have difficulty in setting up class lists and achieving 
compliance with school IT protocols (Dorfman 2013, p. 147)~ 
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Another type of software used extensively by music educators is performance-
based software. Using software like SmartMusic, students can sing, play, or perform a 
piece of music and instantly see and hear their version compared to the correct version on 
a computer screen. Students can see and hear their part of a complex score played along 
with professional accompaniment. This permits students to practice at home while 
hearing their part in context with a larger ensemble. A library of repertoire is available for 
SmartMusic and individual scores can be tailored to each student. The program is 
available for vocal, band, and string instruments and is supported on iPad as well as 
computer platforms. 
Studies by Buck (2008), Lee (2007), Karas (2005), Sheldon, et al. (1999), Snapp 
(1997), and Tseng (1996) examined the effect of SmartMusic when used as an 
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instructional aid to beginning and advanced instrumental students. The findings from the 
studies showed increased aptitude in rhythmic and pitch accuracy among students who 
used SmartMusic. For example, Lee (2007) found "statistical significance in the 
independent variable of performance ability" among students who used SmartMusic as a 
practice tool (p. 78). Subsequent findings, consistent among all of the studies, indicated 
increased motivation by the students to practice when using the software. 
Music production software such as Garage band uses predefined audio loops, 
MIDI information, and digital audio to construct musical compositions. Users can input 
MIDI events from an onboard virtual keyboard or an external MIDI controller. Onboard 
audio loops play riffs that are idiomatic to the selected style of a song (e.g., swing, pop, 
latin, rock). Garageband also has the ability to record digital audio from an external 
source such as a microphone or a guitar. All of the tracks, whether virtual instruments, 
loops, or digital audio, can be processed using the onboard effects in the program. For 
instance, a vocal part that is recorded into Garage band can be processed through a reverb 
effect to add ambience. Students using this program learn and experiment with concepts 
in music composition as well as audio engineering. 
The visual interface in Garage band helps to facilitate impressive musical results 
very quickly. By dragging in loops and audio snippets into a timeline, users can visualize 
the construction of a musical composition. Watson (20 11) stated: 
Apple opened the realm of multitrack recording to millions through GarageBand's 
attractive, approachable user interface, simple audio and MIDI recording features, 
and especially by including hundreds of loops that adapt easily to the key and 
tempo of a project. (pp. 4 7 -48) 
Band-in-a-Box is a music software program that creates automated 
accompaniment tracks used for the study of improvisation. After typing in a set of chord 
changes into the program, Band-in-a-Box (BlAB) will automatically create an 
accompaniment rhythm track in the user-defined style (e. g. , rock, jazz, reggae, latin, 
pop). The rhythm tracks consist of drums, bass, piano, guitar, strings, and a soloist. The 
tracks can be viewed as notation or viewed on a piano keyboard or guitar fret board. 
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As a user of BlAB with my jazz piano students, I found its ability to generate a 
solo a highly useful tool in teaching improvisation. The program will automatically and 
randomly generate a solo that is played over a defined set of chord changes. The user can 
choose the style of soloist as well as the complexity of the line (e.g. , 8th notes, 16th notes). 
For example, when using a series of chord changes set to a jazz style, the user can select a 
solo to be generated in the style of saxophonist John Coltrane, or pianist Bill Evans. The 
generated solo can be viewed as notation, and the key and tempo can be altered as 
desired. Audio files of the BlAB tracks can be rendered and stored for later retrieval. 
Music sequencing software, or software that "records and processes MIDI data," 
has also become prevalent in music education classrooms (Williams & Webster, 1996). 
This type of software takes MIDI data from an external controller and enables the user to 
record, playback, and edit the data. Since the software records data and not digital audio, 
the amount of memory needed to create compositions is relatively minimal. Much like 
word processing programs, sequencing software offers features such as cut-and-paste 
editing and options to import and export files across different applications. Users can 
freely change keys, tempos, and time signatures with several mouse clicks. Similar to 
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other music software, sequencing software originally developed for professional 
composers and music producers has undergone extensive development over the last 30 
years. Many new revisions of sequencing software programs such as AVID' s Pro Tools, 
Apple's Logic Pro, and Mark ofthe Unicorn's Digital Performer contain features that 
will convert MIDI data to music notation as well as record and process digital audio. 
Music notation software was designed specifically for notating and printing 
music, and is widely used by professional composers and arrangers. This type of software 
began to emerge 30 years ago and has changed the way many composers write and 
orchestrate their scores. Today, DA Ws are used to input, edit, and print musical scores. 
Watson (2011) offered numerous examples of implementing technology in the 
music education curricula. For example, the author included chapters describing 
pedagogical applications using audio recording equipment, sound design software, and 
sound editing software. Each chapter not only discussed the application of the 
technologies, but also how those applications relate to national standards and ways of 
assessing student work. Watson devoted a chapter to computer music notation (CMN) (p. 
225). Watson stated: 
Computer music notation (CMN) applications are often the first and most used 
area of music technology by music educators, perhaps because they can do so 
much for them and their students. Music notation software (such as Finale and 
Sibelius) and web applications (such as NoteFlight) are invaluable tools in this 
digital age, not only for composing and arranging but also for myriad other tasks 
such as creating worksheets, drill and exercise sheets, warm-ups, tests, and 
quizzes, musical figures (for use in print and multimedia presentations), playing 
MIDI files, creating MIDI files to export and use with other applications, creating 
rehearsal and/or performance accompaniment tracks and much more. (p. 225) 
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In addition to musical tasks such as composing, editing, and arranging music, 
music notation software can be used to produce an audio recording (digital audio mock-
up) of a score or an arrangement through the use of audio samples of orchestral 
instruments included with many notation applications. With certain limitations, these 
audio recordings (samples) of actual instruments permit the user to approximate what the 
score would sound like if played by live musicians. Users can quickly assign string 
sounds to string parts, brass sounds to brass parts, and woodwind sounds to woodwind 
parts. 
Compositional techniques such as imitation, inversion, and retrograde are 
relatively easy and efficient processes with the cut-and-paste method used by word 
processing programs. Similarly, users can accomplish arranging tasks with ease, allowing 
the user many options to experiment with varied chord voicings and reharmonizations. 
For example, Finale contains a feature that will recognize a four-note chord defined by 
the user and instantly re-voice it to another configuration such as closed, open, or drop-
two (i.e., the second voice from the top of the chord played one octave lower). 
Early efforts to produce legible music notation using computers existed primarily 
in higher education. This was due in part to the limited accessibility of computers that 
were fast enough to run the code required to produce acceptable results. Leland Smith of 
Stanford University created one of the first music notation software programs in 1967. 
This program called SCORE is still produced today and available on the Windows 
platform (Trustman, 2006). Other early notation software programs such as DARMS, 
GUIDO, Common Music Notation, M*Tex, and Music Scribe all laid the groundwork for 
the development of existing notation programs currently in use today (Selfridge-Field, 
1997, pp. 32-33). These programs were restricted by the relatively slow computer 
platforms available to run the highly complex computer code required. Selfridge-Field 
(1997) wrote: 
DARMS and SCORE typify the enormous effort expended in the Sixties and the 
Seventies to describe the symbols used in music notation and their relative 
placement on the page. The arrival of the Macintosh platform, with its graphical 
user interface, in the early Eighties created a strange new environment for 
conceptualizing musical notation. Why represent the object at all? Why not 
simply draw it, store the image for future reference, and finalize the placement 
with a mouse? (p. 32) 
Throughout the 1980s, several notation programs began to emerge on the 
Macintosh and Windows platforms. Among the more popular programs were 
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Professional Composer, Encore, Mosaic, and Finale for the Macintosh platform. Popular 
notation programs for Windows were Cakewalk, Score, Notator Logic, Rhapsody, Igor 
Engraver, and Finale. Today numerous programs for music notation exist not only on the 
Macintosh and PC platforms but also on the UNIX platform. Below is a table of some of 
the current music notation programs available (Trustman, 2011, pp. 4-6). 
Table 1. Current music notation programs 
Program Platform 
Encore Windows/Mac 
Finale Windows/Mac 
Harmony/Melody Assistant Windows/Mac 
Lily Pond UNIX 
Lime Windows/Mac 
MagicScore Windows 
MidiNotate Composer Windows 
Mozart Windows 
Music Edit Windows 
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Music Publisher Windows 
Nightingale Mac 
Noteworthy Composer Windows 
Personal Composer Windows 
Score Windows 
Sibelius Windows/Mac 
Songworks II Windows/Mac 
Rudolph and MacLeod (2006) noted that two companies have emerged as leaders 
in the notation software field: Avid (Sibelius) and MakeMusic (Finale) (p. 105). These 
two companies continue to develop their products with improved features and updates on 
a regular basis. 
Currently, there are music notation applications (apps) available for the Apple 
iPad such as NoteFlight, Avid's Scorch, and MakeMusic's Songbook (Rudolph, 2013). 
Additionally, music software companies embed notation capabilities into their 
sequencing and music production software programs. These programs, such as Avid's 
Pro Tools, Apple's Logic, Mark of the Unicorn's Digital Performer, and Steinberg's 
Cubase, all contain features that can create and edit music notation scores along with 
recording and music production capabilities (Freedman, 2013). 
Music notation software was designed specifically for notating and printing music 
and is widely used by professional composers and arrangers. The two primary music 
notation software programs discussed in the current study, Finale and Sibelius, were 
designed for this purpose; even while music educators have been adopting them for 
classroom use. In fact, according to Watson (2011), music notation software is "often the 
fust and most used area of music technology used by music educators" (p. 225). 
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Research shows that music educators have implemented music notation software 
within their curricula and continue to explore the various applications of music notation 
software in their classrooms. Watson (2011) asserted that, "among the plethora of current 
music software on the market, music notation software can provide educators with the 
most diverse and useful applications to their curriculum" (p. 225). 
Research indicates that music educators use music notation software for alternate 
applications other than creating musical scores. For example, Buck (2011) created 
practice and rehearsal CDs from the audio output of notation software and studied how 
the performance practices of students were affected by using the CDs. 
Rudolph and MacLeod (2006) found that music educators used MNS for 
composing and arranging music, creating warm-up sheets, and creating accompaniment 
tracks. Similarly, Vogt (2005) used MNS to created harmonic analysis worksheets. The 
worksheets in Vogt's study were used to help piano students memorize repertoire by 
having them understand the harmonic analysis of the literature. 
While music educators use notation software for a variety of purposes, this type of 
software may also be beneficial for music teaching and learning. While not designed for 
teaching music, it may be "repurposed" to help students develop musical skills and 
concepts. According to Bauer (2014): 
Many types of software that weren't specifically designed for learning (e.g., word 
processing programs, digital audio software, slide presentation applications, 
music notation software) can be repurposed to help students acquire knowledge 
about, and skills relevant to, a particular musical topic or skill. (p. 35) 
Rudolph and MacLeod (2006) discussed several examples of using notation 
software for music educators. They suggested ways to engage students and create tasks 
that are accessible to the beginning music technology student. Some of the examples 
included: 
•composing and arranging music for ensembles: 
•creating warm-ups, exercises, worksheets, handouts, bulletin board materials, 
flash cards, and tests: 
•creating accompaniments for classroom, choral, or instrumental practice: 
•creating, transposing, and arranging music to meet the varying instrumentation: 
available or the challenges of varied ability levels in performing groups: 
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•creating accompaniments to a melody or ensemble piece by adding drum patterns 
and harmony parts: and 
•creating and saving files to import to other programs and portable keyboards. (p. 
101) 
Of particular significance to this current study, Lipscomb and Walls (2010) 
examined the implementation of music notation software with respect to support for 
music composition and music performance competencies. They observed how students 
use music notation software and music sequencing (e.g., MIDI recording) software and 
utilize this technology for various music pedagogical goals. Lipscomb and Walls 
observed that competencies in music composition, arranging, and orchestration were 
pedagogical outcomes of MNS use. They wrote: 
Software like Finale and Sibelius offers all of the power and flexibility of word 
processing applied to music notation. In a school music program, this category of 
software expedites many of the tasks related to ensuring that each student has 
something to play, allowing the teacher (or students) to rearrange music for 
alternate instrumentations, transpose parts into more accessible keys for 
performance, and simplify difficult passages. (p. 374) 
Additionally, Mishra & Koehler (2006) pointed out that much software available 
today was created to solve potential problems in the business world. The conversion of 
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this software to education is not always an easy task and pedagogical goals must 
ultimately be considered. The researchers warned of only learning the technology in lieu 
of learning the content of a subject. Mishra & Kohler stated: 
It requires the teacher to engage with the affordances and constraints of particular 
technologies in order to creatively repurpose these technologies to meet specific 
pedagogical goals of specific content areas. An emphasis on merely learning the 
technology may lead to an emphasis on students learning technology (technology 
as the subject and content of learning) rather than the subject matter that they are 
supposed to learn. (p. 1 032) 
The potential uses of music notation software for teaching and learning music are 
increasing as music notation software programs continue to develop and become 
increasingly refmed. Each new update to notation software programs seems to include 
new and more powerful features. For instance, current music notation software programs 
include the ability to import video clips that synchronize music and video with frame 
accuracy. This feature permits music educators to create composition assignments such as 
composing the soundtrack for a movie trailer. In my own MIDI courses, students are 
given the task of creating a soundtrack for a downloaded movie trailer. Students approach 
this assignment with great enthusiasm and willingly explore their creative potential. This 
is true not only in composition, but also in audio production upon completing the task 
making it one of the most popular assignments in the course. 
Unlike other music education software programs designed for programmed 
instruction, educators using music notation software can create their own worksheets and 
individualize lesson plans to accommodate various levels of learning. While other music 
software programs are typically designed for one or two tasks, they do not have the 
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capability to be "repurposed" to teach a variety of musical concepts. The potential 
benefits of music notation software are quite possibly due to its ability to serve in a 
variety of musical applications. For example, it can be used to teach theory, aural skills, 
counterpoint, performance practice, orchestration, composition, and arranging. 
The use of music notation software for teaching music may require instructional 
approaches that are different from those used by the more traditional interactive software 
designed specifically for music education such as Music Ace, Auralia, and Practica 
Musica. Webster (2002) suggested that music educators are implementing more 
constructivist approaches to teaching when using more powerful software, (i.e., music 
notation software). Webster explained: 
In the last ten years, music educators have used technology in a more 
"constructionist" context. Students are encouraged to "construct" their 
understanding of music through their experiments while being expertly guided by 
teachers. The traditional drill-and-practice techniques that dominated the use of 
technology until the mid-1980s have been complemented by much more powerful 
software that uses problem-solving and role-playing techniques. Video, 
animation, text, and sound can unite to support a symbolically constructed world 
that represents reality in interesting and meaningful ways for children. (p. 43) 
A review of the literature indicates that although music educators use music 
notation software extensively, there is little information relating to how this software 
might be used for teaching specific musical concepts and skills. Because this software 
was not designed for educational purposes, the publishers provide no information relating 
to the educational use of this software. While a few studies involving music notation 
software exist, (Buck, 2011; Cremata, 2010; Dorfman, 2006; Tang, 2006; Watson, 2011), 
little research has been done regarding the use of music notation software in music 
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education. Therefore, with this study I seek to examine how selected music educators use 
music notation software in music classrooms. 
Statement of the Problem 
Professional composers and arrangers have typically used notation software for 
notating scores and parts. Research indicates that music notation software is widely used 
by music educators, yet, since this software was designed for notating musical scores and 
parts and not for educational purposes, little information exists on how to use this 
software to teach musical skills and concepts. Additionally information on what 
instructional strategies would be most effective for implementing this software in the 
music classroom is scarce. Hence, despite the fact that school systems throughout the 
country have invested significant funds to purchase music notation software and 
associated hardware, and that music teachers have invested a significant amount of time 
learning how to use this software to notate music, music teachers may not know how to 
use this software effectively as an instructional tool. 
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Statement of Purpose and Research Questions 
The purpose of this collective (multi-case) study was to investigate how three 
high school music teachers used music notation software to teach music in high school 
music classes. It is anticipated that through a better understanding of how music notation 
software is used in music classrooms, music educators will be able to make more 
informed decisions regarding the use of this software to teach specific musical skills and 
concepts. The following research questions guided this study: 
1. How do the high school music teachers in this study describe their experiences 
with music notation software in the music classroom? 
2. What do the high school music teachers in this study believe students learn 
through the use of music notation software? 
3. How does using music notation software influence the teaching practices of 
the high school music teachers in this study? 
Rationale and Significance 
Although music educators use music notation software extensively, there is little 
information in the literature relating to how this software might be used for teaching 
musical concepts. While a few studies involving music notation software have been 
conducted (Buck, 2011 ; Cremata, 2011; Dorfman, 2006; Tang (2006); Watson, 2011), no 
studies have been conducted that investigated the specific use of music notation software 
in music education. This study will build upon the existing literature by investigating how 
music notation software is actually used in the classroom and how this use impacts the 
pedagogical goals of music educators. The study will also provide research about 
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teachers' perceptions of student learning as a result of music notation software being used 
in their teaching. 
This study is relevant to music education because there currently is no evidence in 
the literature of studies that examined the use of music notation software as viewed by 
the teachers who use it. While prior research identified the use of music notation software 
in the teaching of theory, the potential for other practical applications of the software 
such as teaching composition, creating worksheets, transposing and creating parts for 
ensembles and creating practice aids were also investigated in this study. 
As discussed earlier, music notation software has the ability to be "repurposed" to 
teach a variety of music concepts. With this ability to adapt to various music education 
concepts, it is important for music educators and music education departments to realize 
that any given title of music software may be the only one needed to achieve many of 
their pedagogical goals. This realization may become especially significant when school 
budgetary constraints affect music education technology purchases. Furthermore, as a 
result of the findings of this study, music educators will be better prepared to address the 
implementation of music technology in educational curricula. 
The Researcher 
As an active composer, arranger, jazz pianist, and audio engineer, I have a lengthy 
association with music technology. Furthermore, I am the owner of a commercial 
recording studio that has used non-linear (computer) recording technology for over 20 
years. As a music technology educator teaching university courses in MIDVdigital audio, 
computer music composition (using notation software), and audio recording, I have 
owned and used music notation software for over 25 years. Finally, my experience as a 
music technology retailer supplying and supporting music software and hardware for 
academic institutions and broadcast facilities is relevant. 
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As a result of my experience with music technology, music notation software has 
become a preferred application because it serves not only a pedagogical role, but a 
production role as well. In the production role, notation software has streamlined my 
composition and arranging processes, has made the creation of scores and parts much 
more efficient and has helped me reduce the length and frequency of rehearsals. 
Summary 
Music technology software and hardware continues to parallel advancements in 
computer technology. Research has demonstrated that the use of technology in music 
education and several types of music technology software such as CAl, drill and practice, 
notation software, programmed instruction and sequencing software are significant. 
While music technology software programs were originally designed for professional 
applications and not for educational purposes, many music technology software programs 
have been "repurposed" for use in music education. Among the more prevalent music 
software programs used in music education is music notation software. While notation 
software is widely used among music educators, there are few research studies that 
investigated how the software is used in the classroom. 
The purpose of this study was to determine how music notation software is used 
among selected high school teachers. The study investigated not only how music teachers 
used notation software but also how the teachers described the use of notation software 
affected student learning. Lastly, the study examined how teachers' pedagogical 
strategies may have been impacted by their use of notation software. 
The subsequent chapters will provide further details about this study. In Chapter 
2, I will discuss the relevant literature, and in Chapter 3, I will explain the methodology 
and the process for data collection. In Chapter 4, I present the fmdings from this study 
and a cross-case analysis of the data, and in Chapter 5, I answer the research questions, 
provide concluding remarks about the data from this study, provide suggestions for the 
profession, and the need for further research. 
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Chapter II: Literature Review 
As a professional composer, arranger, and user of music notation software I have 
witnessed a significant development and refinement of the software over the last 25 
years. Music notation software (MNS), originally developed for professional composers, 
arrangers, and music copyists, is now widely used by music educators. This software, 
however, was not designed for educational purposes and there seems to be little 
information on how this software might be used to teach musical skills and concepts. The 
purpose of the present study was to gain a greater understanding of the practice of high 
school music teachers who use music notation software in their music classrooms. This 
study will seek to better understand how music educators use music notation software to 
support teaching and learning of music. 
This chapter is a review of the literature relevant to the current study. The 
literature represents a diverse spectrum of studies related to the use of technology in 
music education. The chapter is organized into three main topics: 1) research on the use 
oftechnology in music education, 2) research on the use of music notation software, and 
3) the conceptual framework used for the study. 
The implementation of technology into music curricula was partially due to 
developments in the technology that required reliability and stability from both 
computers and the related software. As technological improvements advanced, so did the 
proliferation of studies involving technology and music education (Dorfman, 2013 ), 
however many early music technology studies during the 1970s and early 1980s were 
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restricted to assessing software and hardware that existed primarily in academic 
institutions (Dorfman, 2013). 
Through the implementation of music technology courses in secondary schools, 
students entering into college level music education programs tend to be more 
technologically savvy and familiar with computer music notation (CMN) applications 
such as Finale and Sibelius. Watson (2013) observed, "each year more and more 
university music students and in-service music teachers have a working knowledge of 
some CMN application" (p. 225). According to Dorfman (2013) students in the "digital 
generation" are keenly aware of and comfortable with using computers daily. 
In the last 25 years, advancements in computer technology and the appropriate 
software to run these machines have grown at a tremendous rate. The impact of these 
advancements on musical learning has paralleled this rapid growth (Webster & Williams, 
1996). An educational outgrowth of these developments impacted educational philosophy 
with a new reliance on technology. Dorfman (2013) synthesized observations about the 
current state of technology in music education and noted: 
(1) In contrast to the computers of the mid-20th century, modem computers are 
fast, portable, and relatively inexpensive. All of the major computer platforms 
(Macintosh, Windows, Linux, etc.) perform sophisticated processing with 
graphical user interfaces and support robust sound capabilities. Also, the 
integration of wireless connectivity, as well as extensible media support (for 
storage devices such as CDs, DVDs, and USB drives) allows for the use of 
massive quantities of data, making the computer experience very rich. 
(2) Software for learning has undergone decades of scrutiny. The design of 
software has improved the learning experience by appealing to the natural and 
dynamic states of human behavior and cognition. 
(3) Educational philosophy, though not stable, has undergone something of a 
shift. New thinking about music teaching has encouraged teachers to take on a 
role that matches well with creative technologies. As such, technologies that 
support student creativeness have become increasingly popular. 
(4) Educational thinkers have recognized the changing nature of students. 
Computers and technology are not unfamiliar to the current, digital generation. 
(pp. 12-13) 
Research On The Use of Technology In Music Education 
Music educators have studied the use of technology in teaching music. The 
findings from several studies have indicated how technology can be used in the 
classroom and the effect it has on student learning and performance skills. The 
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conclusions from these studies also describe the perceptions of teachers and students who 
use technology in music education as well as the effect of past technology experience on 
teaching. 
Survey studies. 
The following studies focused primarily on the use of technology in school 
systems and in higher education. The data from these studies were collected primarily 
from educators through surveys and questionnaires. The outcomes of the studies provided 
knowledge of the use of technology in the classroom. 
Mager (1997) examined the implementation ofMIDI into music degree programs 
in higher education. The purpose of the study was to investigate to what extent MIDI 
technology such as computer workstations and MIDI devices were used in university 
music education programs. Mager selected subjects for a pilot study from the faculty of 
selected academic institutions and audio recording schools. The total pilot group 
consisted of37 subjects. The questions in the survey were related to the subjects' use of 
and respective backgrounds in music technology. The responses from the pilot study 
were reviewed and edited to create a questionnaire that provided more detailed data. A 
second questionnaire was then sent to 584 subjects for the final survey. A statistical 
analysis software package was used to tabulate the responses from the subjects. 
23 
The fmdings of the survey revealed the increased use of music technology in 
college music education curricula since the 1970s. The fmdings of the study also noted 
the familiarity of educators with music technology, the prevalence of music technology 
programs in colleges, and the agreement among the educators surveyed concerning the 
positive affect music technology has on pedagogy. Mager suggested, "the use of music 
technology has an increasing importance and significance among music educators" (p. 5). 
Bowyer (2000) reviewed 66 music CAl software programs catalogued by the 
researcher into 5 categories: 1) drill-and-practice, 2) guided instruction, 3) game, 4) 
exploratory, and 5) creative. Bowyer examined the features of these software programs 
and discussed their respective benefits to music educators. For example, the software 
program Auralia, one of the software titles reviewed, fell into the category as one of 
many "drill-and-practice" programs. The benefits of drill-and-practice programs have 
been well documented in other music education studies (Williams & Webster, 1996). The 
fmdings of the reviews revealed a need for software programs that addressed the needs of 
elementary and middle school theory students using traditional drill-and-practice 
techniques as well as newer multimedia interactive techniques. 
Bauer, Reese, and McAllister (2003) studied how effective a one-week music 
technology workshop was for educators using music technology for instruction. The 
study surveyed 203 participants with respect to their knowledge about music technology, 
their comfort level when using music technology, and the frequency with which they use 
technology in the classroom. The study was conducted with pre-workshop and post-
workshop questionnaires and a follow-up survey nine months later. 
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Data from the questionnaires were then categorized, coded and analyzed for 
significant relationships between teachers who participated in technology workshops and 
how they used technology in the classroom. The results of the study indicated high levels 
of success among the teachers using the three indicators: knowledge, comfort, and 
frequency. At the nine-month interval, the knowledge and comfort indicators remained 
relatively high while the frequency indicator dropped slightly. The authors suggested a 
possible decrease in the participant's access to technology as a reason for the drop in 
frequency. 
Piccioni (2003) examined the implementation of music technology software in 
undergraduate music appreciation courses. In this qualitative study, the researcher 
interviewed fifteen music technology instructors about their use of digital technology in 
the classroom. The participants all taught music appreciation courses to non-music 
majors. Data were collected by interviews, observations, and document analysis. 
Piccioni also examined the relative technological training and technology 
experiences held by each participant. The findings revealed that the participants felt their 
increased understanding of technology should become a primary focus of their 
educational goals and their respective experiences determined which technology was 
most appropriate for their classrooms. In fact, ten instructors "took leadership roles in 
incorporating technology overall into the curriculum and to open labs for student use" (p. 
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52). Piccioni concluded from the findings that the technology experiences of the 
instructors could be divided into three parts and stated: 
The first group knew about technology, determined what they wanted to build, 
and pursued building the environments on their own. The second group contacted 
friends with computer science backgrounds to work with them in developing their 
ideal digital technology environments. The final group, after exploring the 
standard music technology products on the market, selected which of these tools 
would meet their needs and then took courses or trained themselves to build the 
kinds of environments they wanted to use with their students. (pp. 53-54) 
Ohlenbusch (2001) conducted a study examining the use oftechnology 
applications in K-12 classrooms and their relevance to undergraduate music education 
programs. In this survey study the researcher sought to determine what technology topics 
were required in university music education programs and how teachers in the classroom 
applied that knowledge. Ohlenbush surveyed members of the Texas Music Educators 
Association (TMEA) and selected Texas colleges and universities that offered music 
education degrees. Data were collected by administering the surveys and analyzed by 
examining the responses. 
The findings of the study suggested that music education programs that have 
implemented technology were useful to effective learning; however, the technology was 
under utilized. As a result of the study, Ohlenbusch recommended that eleven technology 
topics be included in undergraduate music education curriculum (p. 122). The topics in 
order of importance were: 1) notation software, 2) computer-assisted instruction, 3) word 
processing, 4) technology skills, 5) sequencing hardware and software, 6) database and 
spreadsheet, 7) instructional applications (aural skills software), 8) World Wide Web 
research and communication, 9) accompaniment software (Band-in-a-Box), 1 0) 
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multimedia creation and presentation (Powerpoint), and 11) marching band software. Of 
the 11 topics identified by the researcher, Ohlenbush identified notation software as a 
high-priority program that should be taught in undergraduate music education curricula. 
Jassman (2004) examined the use of music technology in the K-12 curriculum in 
South Dakota public schools. The purpose of the study was to determine the prevalence 
of technology and its access and usage within a single school system that was well 
equipped with computers, software, and Internet access. The survey was administered to 
129 music teachers across the state. The responses to the surveys were analyzed and 
further categorized by school size. School size was then used as a variable to see if size 
impacted the findings ofthe study. 
The study concluded that although most teachers had access to computers, nearly 
10% had no computer access for music instruction. Other findings indicated that 39% of 
the teachers used notation software in their curricula, but roughly 29% claimed that they 
never used music software to prepare for their music lessons (p. 76). Of relevance to this 
current study, 39% of the teachers surveyed indicated that notation software was the most 
often used software program in the classroom. The fmdings concluded that although 
different sizes of schools were represented in the surveys, there was no significant 
relationship between school size and use of music technology in the classroom. 
Tsao-Lim (2006) conducted a survey among selected private piano studio teachers 
with twelve or more students. The purpose of the study was to determine the extent to 
which technology was used in their teaching. Of the 400 surveys that were sent out, 225 
were returned. Data were collected by comprehensive reviews of the questionnaires. The 
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study included the use of computers, software, keyboards, accompaniment disks 
containing MIDI data or disks containing audio (CDs), and the Internet (p. 125). The 
results of the survey indicated that 61.84% of the teachers surveyed taught with computer 
and/or keyboard technology. Additionally 57.89% of the respondents used 
accompaniment disks and the Internet in their teaching (p. 98). Of relevance to the 
current study, Tsao-Lim reported several significant findings: 
•Notation programs (91.67%) were predominant among all application software 
usage, especially in student composition projects. Only 8.34% of users owned 
more than one type of application software. 
• Finale and Sibelius were the two most popular notation programs. 
•All teachers used application software primarily for the following tasks: notation 
software for composing student projects, sequencing software for creating 
accompaniments, and accompaniment software for maintaining pulse in student 
playing (p. 129). 
Cremata (2010) studied the uses of music technology in university music 
education programs. This qualitative multiple case study provided data relating to the 
implementation of music technology into students' academic studies. Data were collected 
by observations, interviews with the participants and collection of artifacts. The data were 
analyzed using a system of coding that "revealed themes which included two large 
categories: learning technology and incorporating technology" (Cremata, 2010 p. vii). 
This study specifically examined university music education programs in which 
music technology was an area of study. The researcher investigated how future music 
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educators were exposed to music technology and how they implemented it into their 
academic curricula. Cremata found a "lack of integration" of music technology usage at 
the universities that were studied despite strong faculty and administrative support 
(Cremata, 2010, p. viii). Among several reasons for this lack of integration were 
equipment costs, shared resources with other disciplines, compliance with national 
standards, and the lack oftime available for teachers to learn technology. 
Summary. 
The authors of studies reviewed in this first section examined the extent that 
technology is used in music education. The fmdings of the studies indicated that although 
computers and relevant software programs are prevalent in schools and teachers have 
ample access to them, the technology is often under utilized. The findings also indicated 
that often the computers found in music education classrooms are used for multiple tasks 
such as word processing and creating spreadsheets and shared with other disciplines. 
Although several challenges were noted such as equipment costs, lack of time for 
technology instruction, and compliance with national standards, the teachers consistently 
expressed their desire to learn more about technology. 
Use oftechnology to teach composition. 
Music technology developed at a rapid pace particularly during the 1980s and 
1990s. Software during that time was developed to teach music theory, aural skills and 
the rudiments of music. Music educators discovered ways to utilize these software 
programs (e.g., Practica Music, Auralia, SmartMusic) into the teaching of music 
composition. The studies below investigated how technology was used to teach music 
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composition. 
Erkunt (1998) examined the relationship between humans and computers in a 
college level music composition course. The purpose of the study was to investigate "the 
interactions of users with computer-based productivity tools in an educational setting" 
(p. 7). This case study used an ethnographic approach to study users' thought processes 
as they interacted with music computer software. Data collection consisted of verbal 
protocols, videotapes of the participants and their computer screens, and personal 
interviews. The verbal protocols were "think-aloud" procedures designed to document 
the thoughts of users "as they interacted with the computer tool" (p. 70). Transcriptions 
of the interviews and verbal protocols were analyzed for recurring themes and 
categorized into emergent constructs. The study identified instances in which the 
computer took on cognitive roles, but guided by human interaction. For example, 
participants remarked that the graphical interface of the computer screen was helpful in 
"monitoring what was going on musically in the task" (p. 132). 
Erkunt stated, "The chief component of the computer system as a cognitive tool 
was its graphical user interface or its ability to allow users to directly manipulate their 
information and musical events" (p. 137). The fmdings of the study ultimately provided 
evidence that "the computer system supported the cognitive processes of the participants 
while they were working on tasks" (p. 132). 
Using a case study design, McCord (1999) examined the use of music technology 
by elementary children with learning disabilities. The purpose of the study was to 
"observe, describe, and analyze the behaviors that children with learning disabilities use 
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as they compose music using a MIDI keyboard synthesizer and computer" (p. 9). Four 
participants ages 7 through 9 explored composition ideas using a MIDI synthesizer and a 
custom designed computer software program (Music Mania). The participants' work 
conducted over six sessions, was unknowingly recorded and qualitative descriptors such 
as process style, composition emergence, recurring musical patterns and distractibility 
were catalogued (p. iv). 
The researcher also conducted interviews with the participants and videotaped 
their sessions. The videotaping was used to determine if learning disabilities such as 
hearing or visual impairment (that became apparent by the researcher monitoring the 
students ' facial expressions) interfered with the student's processes. In this study, 
McCord also attempted to identify adaptations to existing educational paradigms that 
may apply to children with learning disabilities. The researcher concluded that 
technology enhanced and positively affected the learning of children with learning 
disabilities. 
Stauffer (200 1) observed the compositional progress of a single nine-year old 
student in this single case study. The study used a composition program (Making Music), 
developed by composer Morton Subotnik utilizing non-traditional ways of composing 
music. For example, the program enables one to assemble visual elements on a computer 
screen that can relate to audio gestures. Pitch, duration, and timbre can be determined by 
the placement and size of objects on the computer screen. A straight line, for instance, 
drawn from the lower left of the screen to the upper right may correspond to an ascending 
melodic line. 
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Data collection was through observations, field notes, and interviews with the 
participant. The compositions created by the participant were stored on the computer and 
retrieved for later study. Data were also "shared periodically with independent 
researchers, composer, and educators to establish confidence in the observations and 
trustworthiness of interpretations (p. 5). 
Stauffer investigated the compositional processes and creative development of the 
young student over the course of two years, observing the musical growth and attention 
to compositional detail the student developed. Stauffer stated, "as Meg (the participant) 
gained experience with the medium for composing, her explorations became more 
characteristic of getting started with a composition than investigating the tools for 
composing" (p. 1 0). This change in strategy by the participant indicated the tools for 
composing became secondary to the creation of a compositional idea. Stauffer also 
observed the student's increased attention to timbre and motivation to explore 
compositional gestures. 
Ladanyi, (1995) examined the processes of four high school music composition 
students using digital technology. The multiple-case study aimed to "achieve a better 
understanding of processes, patterns, structures, and outcomes which may emerge during 
musical composition" (p. 7). DAWs and sequencing software comprised the digital 
technology component of the study. Data for this study were collected by observations 
and personal interviews with the participants. 
Ladanyi' s findings showed an increase in the creative potential of most students 
and their increased motivation to create when using digital music technology. The 
students gravitated to the digital equipment labs and had little trouble spending time 
learning the equipment. Ladanyi observed the students' interaction with the digital 
equipment was relatively seamless and the transition to using the equipment presented 
very few obstacles. The researcher also identified two issues worth further study: 1) the 
ability of the equipment to provide an environment for intrinsic motivation, and 2) the 
changing role for music educators, one which entails more comprehensive training. (p. 
302) 
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In a similar study, Kennedy (2002) investigated the processes of four high school 
composition students who used digital technology (DAWs and sequencing software) to 
complete two separate composition tasks. Data were collected through semi-structured 
interviews, observations, and document analysis. The data analysis consisted of review of 
the field notes and sorting and coding of emergent themes. Although the students used 
digital sequencing technology, none of the computer workstations were equipped to 
produce notated scores from music notation software (MNS). The compositions were 
sung or played into a tape recorder for submission to the researcher. 
The author discovered common compositional processes among the students. A 
group model was created that reflected those processes and how students implemented 
them. For instance, the findings (and group model) suggested that students relied heavily 
on listening, the necessity of individual thinking time, and improvisation (p. 94). 
Conversely, Kennedy noted processes that were totally independent of the group 
model. For example, while some students reported the significance of listening as a high 
priority in the compositional process, others listed the ability to experiment with sounds 
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as a high priority. Additional findings suggested that besides the common characteristics 
such as listening, instruction in compositional form and techniques, and teacher feedback, 
students preferred "quiet time when composing" (p. 1 07). This preference for quiet time 
suggested that listening to music and musical styles functioned as a preparatory exercise 
for the students to organize their ideas for the task. 
Nelson (2007) studied the compositional processes of six elementary children, 
their musical development and their use of technology. The researcher sought to 
investigate how music technology impacted the student's compositional processes. The 
children composed at an electronic keyboard that was connected to a MIDI interface and 
sequencing software that was installed on the computer. Nelson stated," The children 
utilized the keyboard to explore, discover, and develop creative ideas. The sequencing 
software was used to record, listen to, manipulate and further develop their musical 
ideas" (p. iv). Data from this case study consisted of transcriptions of student MIDI files, 
transcriptions of audio recordings, video recordings of the students working, interviews, 
and parent questionnaires. Data were analyzed through a review of the student 
compositions (transcriptions of the MIDI files into notation) and transcriptions of the 
interviews and questionnaires. Emerging issues were coded and catalogued. 
The results of this study suggested that music technology helped enable 
students to think creatively. The findings also suggested that as a result of using music 
technology, students were more inclined to develop their compositions through the 
revision process. Nelson also noted the students' preference for experimentation of 
sounds and different timbres as well as the experimentation of different musical gestures. 
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Of relevance to the current study, Nelson concluded that composing music had little or no 
relationship to the ability to notate music. Nelson thus did not put a priority on the 
students' ability to notate the music they created and asserted, "insisting that composing 
occurs first and only through traditional Western notation is to inhibit musical exploration 
of sound and creative expression" (p. 308). This finding is consistent with fmdings from 
other studies (Bauer, 2014; Dammers, 2007; Dorfman 2013) that found students often 
compose music with DAWs and the use of notation software is omitted from the process. 
This finding also suggests that the ability to read musical notation is not a pre-requisite to 
creating music on a computer. 
Dammers (2007) studied how the implementation of laptop computers and music 
software in a middle school band affected student's processes when completing an 
assigned musical task. The students (N=24) were assigned the task of completing a short 
composition that imitated a piece of music previously played in rehearsal. The task was 
administered during a 14-week period in the band rehearsal room. Using creativity, 
craftsmanship, and musical understating as criteria, a panel of three judges assessed the 
student compositions. 
Dammers concluded that the use of laptop computers as a compositional tool was 
indeed practical and produced positive approaches to learning music. The findings also 
suggested that students worked independently and with a high level of engagement while 
in the band rehearsal room (p. 1 09); however the students did not view "their composing 
as connected to their playing" (p. iii). Dammers went on to state, "The introduction of 
laptops in the rehearsal setting provide new opportunities for listening, analyzing, and 
exploring the historical context of pieces" (p. 1 05). 
Summary. 
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The studies listed above investigated how technology is used in the study of 
music composition. There are several consistencies that appeared in the findings from the 
studies. The use of technology was a helpful tool when used for creative music tasks such 
as composition. Also, the use of technology helped to foster student motivation. 
Participants in the studies noted that the ability to explore different sounds and create 
musical ideas were among the positive features of using music composition software. 
None of the studies suggested that the use oftechnology should be avoided or that using 
technology created a negative environment for learning. 
Other uses of technology in music education. 
As software and hardware developers created new applications for music 
technology, music educators explored additional ways to implement music technology 
into their teaching. Specific software titles began to appear for educators to teach other 
music skills such as music appreciation, theory, ear training and audio recognition. In the 
following section, I will discuss alternate applications of technology in music education. 
Magnusson (1996) studied 4th grade students who used two computer-based tools 
to investigate a) how the visual component of viewing waveforms on a computer screen 
and relating the waveforms to pitches impacted student learning and b) how hearing and 
visualizing notes played on a virtual (computer emulated) keyboard and displayed as 
music notation impacted student learning. The first computer program Digital 
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Oscilloscope facilitated student learning by allowing them to see and hear sounds while 
viewing the sound's waveform on a computer screen. For example, when students viewed 
waveforms that contained a low frequency of cycles per second, they learned to recognize 
them as bass notes. Conversely waveforms that contained a higher number of cycles per 
second were recognized as higher pitches. 
The second program KidsNotes, emulated an electronic keyboard. The software 
permitted students to select songs and view them as notation on a computer monitor. For 
example with KidsNotes, the student views a piano-type keyboard on the computer 
screen. As pitches are selected on the keyboard the notes are represented on a music staff 
and the audio ofthe pitch is played back through the computer speaker. 
The researcher collected data for the study by videotaping presentations and 
conducting interviews with the students. Topics of the interviews and observations were 
categorized and coded to guide in the analysis of the collected data. The researcher 
concluded that students reacted favorably to learning in a computer environment and the 
interaction of viewing and hearing the sound waves were conducive to learning. 
Magnusson concluded that two themes emerged from the analysis of the data: 1) students 
did not necessarily distinguish between amplitude (the volume of the sound) and 
wavelength (the pitch) when using Digital Oscilloscope and 2) students' pitch 
discrimination was poor, limiting the role of the KidsNote software in facilitating the 
tuning of student instruments (p. 364). 
Ouren (1997) studied the effect of VIVACE, a music accompaniment 
software/hardware application, on the playing skills, musicality, and motivation of 
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middle-school students. Ouren sought to investigate what impact the use of Vivace had on 
students' performance skills and their motivation to practice. Participating students (N = 
8) made audiotapes of their performances. The students were recorded during the course 
of six weekly sessions. The initial recording did not include the use of VIVACE software 
while subsequent recordings were used to document the results of the use of the software 
over the remaining sessions. The recordings were sent to an impartial panel of judges and 
analyzed for rhythmic and pitch accuracy as well as overall tone quality. Ouren 
concluded there was improvement (17% overall) in seven of the eight students. The 
findings of the study also revealed an improvement in the students' rhythmic accuracy 
and overall musicianship (determined by the panel of judges) as a result of the use of the 
software. 
Similarly, Sterling (2002) used a mixed-methods approach to study the use of 
computer-aided instruction software to learn musical form. The purpose of the study was 
to "discuss the development of a software program which guides students towards an 
understanding of the analysis of musical form" (p. 57). This study also served as the 
background research and eventual design of a program called InForm, the software used 
in the study. The data were collected through observations, independent research, and 
work with the students on an individual basis (p. 58). The independent research 
conducted by the researcher consisted of additional observations of university classes in 
musical form and working one-on-one with several students from these classes. The 
study was conducted during analysis classes held at the University of Maryland. The 
statistical portion of the study was administered to 39 subjects. This portion of the study 
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consisted of a pretest, work with the InForm program, and then a posttest. Results of the 
posttest scores were then analyzed for relevance to the use ofthe InForm software. 
Findings of the study showed that those students who had worked longer on the 
InForm program had a "greater mean difference between pretest and posttest scores" (p. 
96). The mean difference is a measurement in statistics that indicates the average 
difference between two variables. Thus the fmdings indicated students who used the 
program "had a greater increase in knowledge" (p. 95) than those students who did not 
use the software. Additional findings suggested that the use of CAl programs (such as 
InForm) provided quick and more efficient ways to learn musical concepts and the use of 
the software-enhanced students' learning (p. 100). 
Lin (2005) conducted a mixed methods study of college students and their 
perspectives on using music technology in the curriculum. The purpose of the study was 
to examine the effects of music learning and students' perceptions of learning when 
integrating music technology. Lin also studied the issues and challenges of integrating 
technology into music learning (p. iii). 
The data from this study were collected from two instructional groups: a music 
education class integrated with music technology and one that did not use music 
technology. Music theory, music appreciation, and music composition were taught to 
both groups. Data were also collected through tests and questionnaires for the 
quantitative analysis, and interviews, observations, and document reviews for the 
qualitative analysis. The treatment group had access to music creating software, MIDI 
keyboards and computers with CD-ROM drives and Internet connections. 
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The group that used music technology used the software Alfred's Essentials of 
Music Theory, to teach theory; PG Music's The Pianist to teach music appreciation; and 
Band-in-a-Box software as an accompaniment program for the composition class. 
Through pretest and posttest analysis, the findings of the study showed the treatment 
group generally made better progress in learning music knowledge and appreciating 
music pieces than did the control group (p. 58). However, Lin noted four significant 
issues that became apparent through the analysis. Lin stated: 
First, teachers and students' music background could be a factor that affects their 
attitude toward music technology. Second, private schools seemed to have more 
flexible budgets and policies than public schools did with regards (to) [sic] 
integrating technology into the curriculum. Third, students have a variety of 
motivations and attitudes for using technology that correspond to their future 
learning and career development goals. Last, both teachers and students need 
appropriate training for using technology better in music teaching and learning. 
(pp. iii-iv) 
Stampfli (2006) studied and assessed the implementation of digitally based 
instructional music technology by piano teachers in American undergraduate and 
graduate programs. Stampfli surveyed 23 8 faculty members and noted that 77% reported 
using digital keyboards, synthesizers, or digital pianos in a class setting (p. 194). 
Furthermore, 69.3% used MIDI equipment to record student performance for playback 
analysis and 78.1% used electronic music technology to support student playing (p. 194). 
The fmdings also indicated a significant correlation between the use of digital 
music technology and organizational memberships, conference attendance, and digital 
music workshop attendance. Those faculty members who attended technology related 
conferences and workshops typically showed a greater likelihood to use digital 
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instructional technologies. The results of the study also showed evidence of teachers ' use 
of technology to aid in the memorization and harmonic analysis of piano repertoire. 
Summary. 
The studies described in the previous section examined various implementations 
of music technology in music education. Several studies examined specific software 
(Magnusson 1996; Ouren, 1997; Sterling, 2002). Other studies sought to determine the 
perceptions of students or teachers who use software in the classroom (Piccioni, 2003; 
Tsao-Lim, 2006; Lin 2005). The findings from other studies (Bauer, Reese & McAllister, 
2003; Stampfli, 2006) provided evidence of the effectiveness of attendance to technology 
workshops and the importance of teacher training with respect to technology. 
Findings from all of the studies above suggested ways for music educators to 
implement technology into a variety of musical contexts. The findings also indicated that 
students' performance abilities and musical skills increased when using technology to 
learn. Furthermore, the findings suggested that student perceptions of using technology to 
learn were positive. 
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Summary of entire section. 
The studies discussed up to this point in the literature review illustrated broad 
applications to the field of music education. For example, studies such as Ohlenbusch 
(2001) and Cremata (2010) examined the use of music technology in K-12 and university 
levels respectively. Other studies that were presented such as Erkunt (1998) and 
Landanyi (2001) showed how technology was used to teach music composition. Finally, 
various studies such as those conducted by Ouren (1997), Tsao-Lim, 2006, and Stampfli 
(20 1 0) researched other uses of technology in music education (e. g. the use of specific. 
software titles or the importance of technological training among teachers). 
Findings from these studies consistently showed that teachers as well as students 
embraced the use of technology and that the use of technology impacted learning 
favorably. Many teachers suggested that training and support for technology were 
important to maintaining and implementing computers in their teaching. Studies 
pertaining to the use of music notation software in music education will now be 
discussed. 
Research On The Use of Music Notation Software 
The use of notation software has become widely accepted in music education. 
Teachers use notation software for a variety of educational uses such as teaching theory, 
composition and arranging, and creating practice CDs (Bauer, 2014). Many music 
teachers acknowledge notation software as the software that is most useful in their 
teaching. Watson (2011) stated that if there is only enough time to learn one technology 
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tool, that educators would get the most out of their time investment by choosing notation 
software (p. 225). 
Belkin (1994) reviewed notation software programs that were available on the 
Macintosh platform. The reviews discussed common features of each program and how 
each program handled the myriad of challenges faced by notation software developers 
such as cross-staff beaming or lining up text with notes. The article reviewed Finale, 
Nightingale, Composer 's Mosaic, Encore, and Lime - all software titles that were 
available at the time of the review. 
Belkin asserted, "Apart from the limitations imposed in the past by inadequate 
hardware, the writing of music scoring software poses problems that stem from the nature 
of music notation itself' (p. 53). Belkin illustrated his point by comparing music notation 
software and word processing software and stated: 
In word processing, the same few fundamental tasks lie at the core of all 
programs; most of the more exotic features in high-end word processors are used 
by only a small fraction of the users. Text can only be laid out in a few fairly 
standard ways and remain coherent. More important, text is read one strand of 
symbols at a time. Music, on the other hand is usually polyphonic. Multiple 
strands, which may be graphically quite distinct, must be presented together in 
synchronized fashion. Further, not all strands are necessarily active all of the time, 
and the user may want to see one, some, or all of the strands. Musical scores 
include many more symbols than the alphabet, and many modifier symbols must 
be linked to other symbols to have meaning. (p. 53) 
Belkin's comparison of word processing software and music notation software 
illustrated the challenges that music notation software designers must address when 
authoring notation software. For example one single measure in a score might contain 
numerous staves (60 or more with some for transposing instruments); various densities of 
rhythmic information (whole notes, half notes, quarter notes, eighth notes etc.); phrasing 
and articulation indications for each staff; and text and score instructions for each staff. 
As Belkin stated a musical score contains much more graphic information than a word 
processing document. 
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Han (2004) interviewed twenty college-level composition teachers to examine the 
efficiency and musicality of students using computers in the compositional process. The 
purpose ofthe study was to "investigate college composition teachers' perspectives 
regarding the impact of computer music technology on the development of compositional 
craft" (p. 12). Data were collected by interviews consisting of questions about 
"composers" compositional activities, their perspectives on compositional craft, computer 
technology's impact on the development of compositional craft, and computer 
technology's impact on the quality of compositions" (p. 72). The analysis of the data 
consisted of cataloguing and coding of the emergent themes. 
The fmdings of this study suggested that the outcomes of college level composers 
were positively affected by the use of computers with respect to creativity and score 
preparation tasks. Additionally, Han studied the advantages of Internet, sequencing, and 
music notation software, and also the disadvantages of computer music software. Han 
categorized themes of advantageous impact such as aural feedback, liberation from 
previous training, infinite musical possibilities, and alternative and independent ways of 
learning music (p. 160). Han found the participants often did not care for automatic 
functions in the software such as default settings, randomness and auto-correct; and were 
not averse to using traditional (hand written) methods of composing music. 
Vogt (2005) posited that a thorough understanding of theory and chord functions 
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was imperative for "musical skills that last beyond the performance of recital pieces (p. 
45). The purpose ofthe study was to "utilize technology to develop worksheets with 
multi-curricular adaptability for teaching harmonization skills to pre-college students" 
(pp. 18-19). Vogt investigated pre-college piano performance students and their 
understanding of chord functions and harmonic progressions. Vogt employed the use of 
Finale notation software to create harmonic analysis worksheets. Similar worksheets 
were created for the study of chord function. 
The participants, all pre-college piano students, were given the task to harmonize 
a given melody from the worksheets that were provided by the researcher. The 
worksheets contained seven levels of different harmonic progressions (from simple to 
more difficult) and were posted online and accessible via the Internet. The students had 
the ability to download the worksheets, edit them and adapt each task to their individual 
needs. For example, a harmonic exercise (creating harmony for a given melody) could be 
edited to complete the task in all twelve keys. 
The findings of this study determined that "by using technology, it is possible to 
create teaching materials that are adaptable to any music curricula" (p. 66). The 
implications of this finding could be the source of further investigation. Creating teaching 
materials that can easily be adapted to various educational concepts by using simple 
editing commands on a computer is efficient. For instance, the use of the worksheet 
capabilities of notation software can ultimately be applied to the teaching of numerous 
musical concepts such as aural skills, arranging, composition, and orchestration. 
Dorfman (2006) conducted a three-phase study of high school students from four 
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Midwest high schools. Dorfman investigated "the influence of individual learning styles, 
music experience, technology experience, music technology experience, and varied 
learning conditions on participants ' achievement with a music technology task" (p.153). 
In the first phase of the study, the researcher surveyed the students' (N = 94) past musical 
experience; in the second phase, Dorfman trained the students to use a music notation 
software program; and in the third phase, the participants were tasked to complete a 
timed assignment using notation software. 
Dorfman also assessed the design of a particular brand of notation software 
(Sibelius) as an educational application. Dorfman analyzed the data using a five-way 
ANOVA in which the effects of five independent variables (music experience, general 
technology experience, music technology experience, learning style, and learning 
condition) were measured (p. 3). Although the effects of the variables did not reach 
statistical significance, the findings of this study suggested students with more musical 
experience scored better on the music technology task. However, the fmdings offered no 
direct conclusive evidence that prior use of technology or music technology was a factor 
in achievement (p. 137). 
Dorfman also concluded that previous learning styles of the participants had little 
or no significant impact on completing the task used in the study. Of relevance to the 
current study, Dorfman observed that the design of Sibelius software and its "user-
friendliness" might have been a factor in the outcome of the study (p. 144). Dorfman 
stated that the software is "so well designed that it is usable by students with diverse 
characteristics. That is, the software appeals to students of all learning styles, with widely 
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varying levels of experience, and can be learned through several teaching methods" 
(p. 144). 
Buck (2011) conducted a study utilizing music notation software as a practice aid 
for selected high school band students. This qualitative study investigated how student 
motivation for practice, student self-confidence, and student attention to detail were 
affected by the creation of several band arrangements created using Sibelius. The notation 
software audio output from the computer was recorded onto audio CDs using the 
appropriate instrumental timbres provided by the program and given to the students as 
aural models on CD. A 1 0-question survey was administered to the participants and semi-
structured interviews were conducted to obtain detailed responses (p. ii). Data were 
analyzed for recurring themes and coded. 
Buck noted "increased changes in student motivation, self-evaluation, and 
practice behaviors from using the aural model in practice" (p. 13). Participants in this 
study were "unanimous in favoring the use of a practice CD over the option of not using 
a practice CD in order to learn music" (p. 94). Buck also observed that seven participants 
altered their practice habits when practicing with a CD model of the music they were 
learning. Specifically, the participants noted an increased desire to practice and achieved 
greater accuracy in their playing. They also noted greater efficiency during practice 
sessions that ultimately produced more focused results and in less time. 
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Summary. 
The discussions above illustrated how music notation software has been used in 
music education. In one study, Dorfman (2006) assigned a music notation task to be 
completed using a notation software program. Dorfman assessed the program' s 
effectiveness as a music education tool. Vogt's (2005) study used notation software to 
teach pre-college piano performance students theory and chord functions in an attempt to 
increase their memorization capabilities. Han (2004) studied composers who used 
notation software and discussed their assessment of the advantages and disadvantages of 
using the technology, while Belkin (1994) reviewed the notation software programs 
available for the Macintosh platform. 
Findings from the chapter reviews and studies indicated that music notation 
software has been used for a variety of applications (e.g., audio practice aids, 
worksheets), as well as for scoring and composition. Findings also indicated that students 
who used notation software generally preferred using the technology and did well on 
tasks that utilized the technology. Additional findings indicated that students were 
motivated to practice or complete musical tasks when notation software was implemented 
in their learning. 
Conceptual Framework 
The conceptual framework used in the current study is the Technological, 
Pedagogical, and Content Knowledge (TP ACK) model. Although TP ACK can be applied 
to a variety of disciplines, researchers have examined the use of the TP ACK framework 
when applied to music education (Bauer, 2013 ; Dorfman, 2013). The framework, 
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originally developed by Schulman (1986) as PCK and further built on by Mishra & 
Koehler (2006) as the TP ACK framework, is based on the interaction of a teacher' s 
content knowledge, pedagogical knowledge, and the teacher's knowledge of technology. 
When these forms ofknowledge intersect, TPACK advocates claim that teaching is 
positively impacted (Bauer, 2013). 
The TP ACK framework utilizes the constructs of technological knowledge, 
content knowledge, and pedagogical knowledge as equal components of good teaching. 
The interactivity of these three components is considered to be vitally important to 
understanding the TPACK concept. For instance within the TPACK framework, teaching 
music software consists of a knowledge of technology (e.g., the software, the computer, 
the Internet), knowledge of content (music concepts), and knowledge of pedagogy (how 
to teach the music concepts utilizing the technology). Mishra and Koehler (2006) stated, 
"rather than treating these as separate bodies of knowledge, this model additionally 
emphasizes the complex interplay ofthese three bodies of knowledge" (p. 1025). 
Mishra and Koehler (2006) argued that merely learning skills in technology is 
inadequate and does not cultivate good teaching. They advocated that applying the 
technological and content skills pedagogically (i.e. , applying the use oftechnology to 
teaching the content) correctly utilizes the TP ACK framework. As Sheffield (2009) 
stated: 
Each of the three forces will influence the manner in which teachers utilize 
technology. To be more specific, teachers need not only know how to use 
technology; but, also know how to use technology to teach their specific field. 
(p. 148) 
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Bauer (20 13) conducted additional studies on how teachers acquire their TP ACK. 
Although the framework is based on the constructs of technology, pedagogy, and content 
knowledge, the intersection of these three areas creates ultimately seven types of 
knowledge. Bauer (2013) explained: 
The Technological Pedagogical and Content Knowledge Model is a way to 
conceptualize the use of technology for student learning within a specific 
educational context. Knowledge of content area, pedagogy, and technology 
overlap and interact to form seven discrete types of knowledge, with the central 
intersection being technological, pedagogical, and content knowledge. The three 
prime components of TP ACK have a dynamic relationship, influencing each other 
in ways that may impact how learning occurs in the context of any particular 
environment, possibly affecting a teacher' s choice of technology, pedagogical 
approach, or even the specific content to be studied. (p. 13) 
Figure 1 below illustrates how the seven types of knowledge intersect and their 
relationship to each other. 
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Figure 1. Technological Pedagogical and Content Knowledge Venn diagram. 
Reproduced by permission of the publisher, © 2012 by tpack.org. 
50 
The responses from the participants in the current study were categorized and determined 
to belong to one or more of the TP ACK constructs. A diagram of the responses and 
further discussion of these relationships as well as the application of the TP ACK model 
to this current study are presented in Chapter 4. 
Studies that utilized the TP ACK Framework. 
Several articles that utilized the TP ACK framework have been published that 
encompass participants from multi-disciplines. For example, Schmidt and Gurbo (2008) 
discussed K-6 literacy in education, Olphen (2008) discussed a TPACK framework for 
language teachers, and Grandgenett (2008) discussed TPCK in mathematics education. 
Of particular interest to the present study is the chapter by DePlatchett (2008) describing 
TP ACK and how the framework relates to arts in the classroom. DePlatchett explained: 
Technology and music are perfect partners in the classroom. Technology adds 
additional layers of learning and excitement to music education while music 
makes technology education even more creative and fun. Moreover, technology 
can make both vocal and instrumental music more easily understandable and 
accessible. Students who cannot afford their own instruments can use school 
computers and mixers to create new sounds. MIDI technology allows students to 
compose and record songs with relative ease. Technology can also help English 
language learners (ELL) through web-based interactive activities that emphasize 
visual and aural cues over verbal cues. (p. 177) 
DePlatchett continued to describe the design and implementation of technology in 
newly constructed high school buildings where electronic keyboards, computers, and 
software were included in the music classrooms. These music technology labs enabled 
the school to offer such courses as music theory, music composition, and an integrated 
course on music appreciation with an emphasis on careers in music (p. 178). 
In a multiple case study, Sheffield (2009) researched the use of digital technology 
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by middle school social studies teachers. The purpose of the study was to examine ways 
in which "social studies teachers of academically talented students in high-performing 
western Florida middle schools use digital technology in their classrooms, and the factors 
that influence use" (p. 5). The results from the study were viewed through the TP ACK 
framework. 
The study was conducted in two phases. The first phase involved a survey 
administered to selected teachers (N = 27) from three high-performing schools 
determined by the results on state standardized tests. In addition to the survey, seven 
teachers participated in a group interview at each respective school. The second phase 
included interviews, observations, and document review often case studies that were 
narrowed down from the larger sample (p. 37). 
Although the TP ACK framework suggests that technology is an equal component 
to content and pedagogy in effective teaching, this study provided evidence to the 
contrary. Sheffield stated: 
The teachers whose teaching philosophy was managerial used teacher-centered 
pedagogical methods, with or without technology. Teachers whose teaching 
philosophy was more constructivist, with the teacher acting as a facilitator to 
learning, used student-centered pedagogical methods, with or without technology. 
By adding teachers' technological knowledge into the mix, you have a clearer 
picture of how these teachers used technology with their academically talented 
students. The teachers who were not comfortable using the available equipment 
generally chose other pedagogical methods. The teachers who were comfortable 
with the available equipment used technology in a manner that supported their 
pedagogical style, whether it was teacher or student-centered. (p. 149) 
The fmdings of the study indicated that teachers agreed that technology 
integration in the classroom was important for student learning; however, the researcher 
also concluded that not all teachers used technology efficiently in the classroom and in 
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those cases other pedagogical methods were used. This finding contradicts the assertions 
made by TP ACK advocates and suggests that the framework does not generally apply to 
classroom situations. 
The fmdings of the Sheffield study when applied to the current study may be of 
little significance. The purpose of my study is to determine how music educators use 
music notation software in the classroom. The technological construct of the TP ACK 
framework is embedded into the design of this study. It would be impossible to conduct 
this study without the use of computers and software. 
Lux (20 1 0) examined the TP ACK theoretical framework and developed a pre-
teacher TPACK (PT-TPACK) survey to "measure self-perceptions ofTPACK in pre-
service teachers" (p. 5). The research from this mixed methods study sought to validate 
the "underlying dimensions" (p. 5) ofthe TPACK survey as an instrument and to 
determine whether the "PT-TP ACK items reliably measured the seven constructs 
presented by Mishra and Koehler (2006) in describing TP ACK" (p. 7). 
Data were collected by surveys that were administered to 120 pre-service 
teachers. Seven expert reviewers were then asked to review the PT-TP ACK review. The 
data were analyzed using exploratory factor analysis and confirmatory analysis (p. 46). 
Findings of the study suggested that items designed to address technological content 
knowledge (TCK) were inconsistent or inaccurate, and that the TCK dimension was not 
present in the TPACK understandings ofthe sample population (p. 68). Lux went on to 
claim "evidence from this research suggests the PT-TP ACK items that addressed the 
other TP ACK dimensions (TK - technological knowledge, CK - content knowledge, PK -
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pedagogical knowledge, and TPK- technology pedagogical knowledge) consistently and 
accurately measured each dimension" (p. 69). 
Although the above two findings may seem contradictory, an explanation of the 
TCK dimension may clarify Lux' s findings. Lux claimed that while educators may 
thoroughly understand content, and have an acceptable degree of technological fluency, 
the data showed that the sample population might not have known how to apply 
technological knowledge to their related content. In other words they knew the content 
but not how to apply technology to teach it. 
Roblyer and Doering (2011) examined the history of instructional technology and 
considered the array of available software tools. They explained specific strategies and 
implementations of instructional technologies across a variety of disciplines such as 
English and Language; Science and Math; Social Studies and Fine Arts. 
Roblyer and Doering advocated that teachers should employ the TP ACK 
(technological pedagogical and content knowledge) framework in their curriculum design 
to "see how technology can enhance learning opportunities and experiences for students 
while also knowing the correct pedagogy to enhance the learning of content" (p. 366). 
For instance, it is not only important for the teacher to know the technological strategy, 
but also equally important for that strategy to achieve an intended pedagogical outcome. 
(p. 367) 
Fleagle (2012) conducted a qualitative study of six faculty members at Midwestern 
University. Fleagle examined how the faculty members implemented the combined use of 
technology, pedagogy, and content within the classroom (p. 58). The purpose of the 
study was to determine how the participants made "meaning out of the complex 
relationship of the three knowledge bases: content, technology, and pedagogy" (p. 59). 
Fleagle also researched faculty perceptions of how students "use technology for 
educational and daily use" (p. 59). 
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Data for this study were collected through interviews and document analysis. The 
data analysis was conducted through review of the interviews and proper coding of the 
emergent themes. The author concluded that many benefits such as course management, 
time saving, convenience, and communication in the classroom were the result of using 
technology for educational use. Fleagle stated, "After researching the topic of technology 
and learning about the TP ACK framework and what motivates people, I am convinced 
that, if applied, these technology theories used together could transform faculty, students, 
and the campus" (p. 123). 
Contrastingly, barriers such as non-functioning technology and lack oftechnology 
maintenance surfaced as problematic to the use of technology. Teachers in the study 
noted that technology was helpful to their teaching as long as it worked. Non-functioning 
technology tended to cause changes in lesson plans and the need to fmd alternate 
(perhaps non-technological) ways to teach. An additional barrier to using technology in 
the classroom was teacher' s lack of training and support. The teachers in Fleagle' s study 
all agreed that training in technology was imperative for effective teaching. 
Syh-Jong (2012) examined eight studies that utilized the TPACK framework across 
multiple disciplines. One of the studies examined the use of interactive white board 
technology and its impact on the pedagogical processes of science teachers. This 
qualitative case study observed the use of an Interactive Whiteboard (IWB) within the 
TP ACK framework. Data were collected through interviews and observation of the 
participants. Proper coding of emerging themes and constructs were then categorized 
during the data analysis. 
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The findings ofthe study showed that teachers' use ofthe TPACK framework 
improved dramatically using IWB technology. Additional findings from the study 
correlated the use and understanding of the TP ACK framework with improved teaching 
effectiveness. The participants revealed that an understanding of the framework impacted 
their teaching abilities favorably. Additionally, the outcome of the study revealed that 
teachers' overall understanding ofthe TPACK framework improved as well. A greater 
understanding of the TP ACK framework enabled teachers to plan and implement 
technology driven content in their classrooms. 
Bauer (2013) completed a study of284 music educators to a) investigate an · 
instrument to measure music educators' TPACK; b) determine how music teachers 
acquire their TP ACK; and c) determine if a relationship exists between teachers' TP ACK 
and their integration oftechnology (p. 51). Two questionnaires were sent to the teachers; 
one to measure their TP ACK, and one to measure how they integrated their TP ACK into 
the classroom. Data from each questionnaire were tallied from the responses and 
converted to a percentile score. The percentile scores were ranked highest to lowest. 
The findings suggested, "the scores on the technology-related domains of the 
TP ACK model were lower than content, pedagogical, or pedagogical domains" (p. 51). 
The data also suggested that the teachers reported varying degrees of competence in the 
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seven areas of the TP ACK model. From the highest level of competence to the lowest, 
the results were: 
1. Pedagogical Knowledge (PK): Knowledge ofthe general principles, practices, 
and methods of instruction and student learning that apply across disciplines. 
2. Content Knowledge (CK): Knowledge of creating, performing, and 
responding to music. 
3. Pedagogical Content Knowledge (PCK): The expert knowledge of a subject 
combined with the ability to teach that subject to learners. 
4. Technological Content Knowledge (TCK): Knowledge of how technology is 
used in a content area as well as how the content area may be impacted by the 
technology. 
5. Technological Pedagogical Knowledge (TPK): Knowledge ofthe combination 
and interaction of technology knowledge and pedagogical knowledge. 
6. Technological Pedagogical and Content Knowledge (TPACK): knowledge of 
how content, pedagogy, and technology work together in a specific teaching 
and learning context. 
7. Technology Knowledge (TK): Standard technologies that may be use in 
teaching and learning. (p. 184) 
Bauer (2014) claimed the "top three TPACK components (PK, CK, and PCK) are 
"essential to all forms of music education" (p. 184 ). Bauer also noted the TP ACK of 
music educators "would be stronger if they had a better understanding of technology and 
how it is related to and integrated with music content and pedagogy" (p. 184). 
Summary. 
Studies in this section of the literature review concentrated on the use of the 
TP ACK framework. While the application of TP ACK in this current study- a music 
technology study - the framework can be used for various disciplines. Consistent findings 
in the above studies indicate that effective teaching in today' s digital world should 
include knowledge of technology as well as the content in one's discipline, the 
knowledge of pedagogy and how the three constructs interact. These constructs form the 
basis ofthe TPACK framework. Additionally, teachers indicated their desire to 
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constantly improve their technological skills as well as updating their respective content 
and pedagogical knowledge. 
Summary of the Literature Review 
This chapter served as a review of the literature relevant to the current study. It 
was divided into three main topics; 1) research on the use of technology in music 
education, 2) research on the use of music notation software, and 3) the conceptual 
framework used for the study. Several salient points from each topic became apparent 
during this literature review and are discussed below. 
Research on the use of technology in music education. 
Many studies (Cremata, 2010; Jassman, 2004; Mager, 1997; Ohlenbusch, 2001) 
examined the use of technology in music education. These studies covered various grade 
levels. They attempted to review how technology is used in the classroom and to what 
degree. These studies were typically survey type studies collecting data from 
questionnaires. Findings revealed that while the use of technology in music education is 
increasing and teachers has access to it, often it is underutilized and considered an "add-
on" educational tool. 
Other studies (Dammers, 2007; Erkunt, 198; Kennedy, 2002; Ladanyi, 2001; 
Stauffer, 2001) examined the use of technology in the teaching of music composition. 
These studies typically observed students in a classroom context when given a 
composition task. The students used music software and computer workstations to 
complete the task. The fmdings of the studies revealed that while the use of technology 
created a high level of motivation for the students, the concepts of learning music skills 
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were not clearly defined by the use oftechnology. 
I also reviewed literature that examined additional uses of technology in music 
education. These studies (Magnusson, 1996; Ouren, 1997; Sterling, 2002) generally 
referred to examples of software that were designed for specific tasks, such as ear 
training, audio recognition, and theory. The findings from these studies provided 
evidence that students have increased performance scores and high levels of motivation 
when using technology. 
Research on the use of music notation. 
Several research studies (Dorfman, 2006; Han, 2004; Vogt, 2005) were discussed 
concerning the use of music notation software in music education. This type of software 
is most relevant to the current study. These studies defined several uses of notation 
software and how it may be used in the classroom. One research study examined the 
design of a specific piece of notation software and how effective it was when used as an 
educational tool. Another study investigated the use of notation software as a tool for 
memorizing piano performances. 
The findings from these studies indicated various uses of notation software. 
Besides the typical application of notation software for teaching theory and composition, 
alternate uses of the software were discussed; however, the available literature did not 
provide substantive evidence that address the problem statement and research questions 
pertaining to this study. 
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Conceptual framework. 
Finally, I discussed studies that investigated the theoretical framework used for 
the current study, TPACK. The findings from studies by DePlatchett, 2008; Fleagle, 
2012; and Lux, 2010; provided evidence that the TPACK framework can be used 
effectively in music curriculum design. The use of the TP ACK framework for the current 
study is ideal in that it deals with a technological application (music notation software) 
that intersects with the content knowledge and pedagogical knowledge of the music 
educator. 
An examination of the literature revealed a lack of comprehensive scholarship 
regarding the benefits, procedures, and impact of using notation software by music 
educators. The present study sheds light on how a specific music technology application 
(notation software) was used among high school music teachers. Additionally, it sought 
to examine the ways music notation software has affected the pedagogical processes of 
high school music teachers and the results that music teachers have observed among their 
students. 
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Chapter III: Method 
This chapter is organized with a re-statement of the purpose and research 
questions followed by a detailed description of the methodology used in the study. 
Subsequent site and participant selection and data collection methods will be discussed. 
A description of data storage methods, data analysis, trustworthiness and identity 
protection of the participants will also be explained. Finally, a summary will be given to 
synthesize the methodology of the study. 
The purpose of the present study was to gain an understanding of the practice of 
high school music teachers who use music notation software in their music classrooms. 
The specific research questions guiding this project were: 
(a) How do the high school music teachers in this study describe their experiences 
with music notation software in the music curriculum? 
(b) What do the high school music teachers in this study believe students learn 
through the use of music notation software? 
(c) How does using music notation software influence the teaching practices of 
the high school music teachers in this study? 
Qualitative research methods detailed in Creswell (1998), Glesne (2010), and 
Stake (1995, 2006, 2010), helped me to formalize a method for my study. Stake (1995) 
advocated that much of the framework of qualitative inquiry is based on constructivism, a 
philosophical theory that claims knowledge is constructed from one's experiences. The 
constructivist posits that knowledge is accumulated and additive (i.e., it is collected and 
assembled by past and current experiences). As Webster (2011) stated: "Constructivism 
61 
holds that all knowledge and meaning are constructed by the individual either personally 
or through social-cultural interaction" (p. 38). 
The constructivist approach to musical learning can be quite useful. Bauer (20 14) 
stated: "This constructivist approach, which often utilizes technology, is a model of 
instructional design that values the development of students' 21 st_century skills such as 
creativity, critical thinking, communication, and collaboration" (p. 164). 
An understanding of the constructivist approach to music learning helped me to 
determine the method of inquiry for my study. Music learning is a result of past and 
current experiences gleaned from music lessons, playing experiences, creative 
experiences and listening to music. This is particularly true in the field of music 
technology where new knowledge of technology is applied to existing musical 
knowledge. Dorfman (2013) stated: "Open-ended, teacher-designed experiences with 
music software can allow students to discover novel approaches to solving musical 
problems, thereby developing new knowledge based on what they already know" (p. 37). 
In determining the case study method for a qualitative study, a researcher often 
relates the "questions asked and their relationship to the end product" (Merriam, 1998). 
Often if the researcher asks "how" or for a participant to "describe," then case study may 
be considered the appropriate inquiry method. I chose case study for the current study 
because the method enabled me ask the participants to describe their experiences and 
their students' experiences with notation software. The case study design also permitted 
me to observe the teachers in their own classroom environments. 
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Stake (1981) defined the significance of case study to other research knowledge in 
four important ways: 
•More concrete- case study knowledge resonates with our own experience 
because it is more vivid, concrete, and sensory than abstract. 
• More contextual - our experiences are rooted in context, as is knowledge in case 
studies. This knowledge is distinguishable from abstract, formal knowledge 
derived from other research designs. 
•More developed by reader interpretation- readers bring to a case study their own 
experience and understanding, which lead to generalizations when new data for 
the case are added to old data. 
• Based more on reference populations determined by the reader - in generalizing 
as described above, readers have some populations in mind. Thus, unlike 
traditional research, the reader participates in extending generalization to 
reference populations. (Stake, 1981, pp. 35-36) 
Further refinements can be made when considering case study methods of inquiry. 
Choosing a case study design enabled me to examine the backgrounds and teaching 
practices of the participants in my study. Case study inquiry is chosen for some 
disciplines more readily than others. For example, "law, medicine, psychology, and social 
work often employ case studies on behalf of individual clients" (Merriam, 1998, p. 34). 
The case study approach in these disciplines provides detailed descriptions of the 
participants, events, and background information used to provide the adequate data 
required for each "case." Merriam further explained: 
Case studies in education can focus on individual students - to diagnose learning 
problems, for example. More commonly, though, case study research in education 
is conducted so that specific issues and problems of practice can be identified and 
explained; researchers in education often draw upon other disciplines such as 
anthropology, history, sociology, and psychology both for theoretical orientation 
and for techniques of data collection and analysis. (Merriam, 1998, p. 34) 
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Stake (2006) defined three types of case studies for qualitative researchers, a) 
intrinsic, b) instrumental, and c) collective case study. An intrinsic case study seeks to 
"learn about a particular case" (p. 3). For example, the study of a particular teacher with 
the goal of obtaining specific details about them falls into this category. An instrumental 
case study seeks to find answers to an ancillary question that can be answered by 
studying a particular case (p. 3). For example, the study of one particular case with the 
goal of learning about an external outcome is considered an instrumental case study. A 
collective case study includes multiple participants or phenomena and seeks to discover 
common and comparative characteristics (p. 4). 
A collective (multiple) case study was chosen for this current study because data 
could be collected from several teachers. As a result of collecting data from several 
teachers, the information was rich and represented a comparative spectrum of how 
notation software was used in their teaching situations. Additionally, by choosing a 
multiple-case study design, I was able to create in-depth case descriptions as well as a 
cross-case analysis of the data. As Glesne (20 1 0) wrote, "if several cases are studied, 
each is written up into a context-situated case study and then a cross-case analysis is 
carried out to look for patterns across cases" (p. 13). 
In the following table, Creswell (1998, p. 65) provided the criteria when choosing 
a case-study design. 
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Table 2. Creswell's criteria for case study design 
Focus • Developing on in-depth analysis of a single case or multiple cases 
Discipline origin •Political science, sociology, evaluation, urban studies, other 
social sciences. 
Data collection • Multiple sources - documents, archival records, interviews, 
observations, physical artifacts. 
Data analysis •Description, themes, assertions 
Narrative form • In-depth study of a "case" or "cases" 
Creswell (2009) provided several key issues that are employed in a case study 
design: (1) research occurs in a natural setting- data are collected in the field where the 
participants experience the issue, (2) the researcher is the key instrument- data are 
collected by the researchers themselves, (3) there are multiple sources of data, (4) there is 
inductive data analysis- patterns and themes are built from the ground up, (5) 
participants' meanings (i.e., the researcher focuses on the meanings participants perceive 
about a problem, (6) emergent design (i.e., patterns and processes emerge as data is 
collected) (p. 175). 
With a multiple case study design I was able to observe in a classroom context, 
the actual use and implementation of music notation software and collect data from three 
high school music teachers, during three different observations, bounded by one nine 
week marking period. The observations were rich with interaction from both music 
teachers and students. Following the observations, I designed my own interview protocol 
using data collected from the observations. I selected open-ended protocol questions that 
I felt were best suited to answering the research questions. Designing the interview 
protocol also permitted me to control the interviews, and maintain the ability to further 
probe participants' responses for additional data. 
Participants and Case Selection 
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In determining the sample selection for my study, several considerations were 
noted. Patton (1990) described nonprobabilistic sampling as simply a purposeful 
selection. "Purposeful sampling is based on the assumption that the investigator wants to 
discover, understand, and gain insight and therefore must select a sample from which the 
most can be learned" (Merriam, 1998, p. 61). The selection ofthe participants in this 
study based on my goal to effectively answer the research questions was determined by 
certain criteria. I first determined that they be high school music educators who used 
music notation software in the classroom. Second, the participants were known to have 
access to music technology labs (e.g., DAWs, computers, software) in their schools. 
Third, the participants were known to have some familiarity with technology and were 
known to use technology in the classroom. 
Additionally, the selection process of my site and participants was the result of 
several other factors. First, my role as a retailer in music technology equipment has 
introduced me to a network of music educators in my region who could possibly qualify 
as participants. In some cases, the participants may have purchased their equipment from 
me, while in other cases; they may have used other vendors. Second, I have come into 
contact with music technology educators through my role as a music technology clinician 
at district technology in-service events. 
I spoke with music educators about my intention to do the study at the All-State 
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Music Conference first in April2011 and then again in April2012. Through a bidding 
process, my recording company had been chosen to record the All-State Music 
Conference concerts in 2011 and 2012. In April2012, I was more specific about the 
proposed study during conversations with educators at the All-State Music Conference as 
a result of my IRB approval. With IRB approval, I was able to discuss my study and my 
intentions for recruiting participants. My role at the conference as recording engineer, 
allowed me to interact with fellow composers, clinicians, and music educators who are 
interested in music technology. 
Additionally, in an attempt to provide diversity among the participants and school 
districts chosen for the study, I sought school districts in rural, suburban, and urban areas. 
I also sought participants who were in different stages of their careers such as early, mid 
and late career status. I reasoned that music educators who are in late career status may or 
may not be as technologically savvy as their early career counterparts. Similarly, late 
career participants may have different approaches to the implementation of technology 
tempered by their experiences in the field. In contrast, early career participants may have 
extensive prior experience with technology through their college curriculum and be more 
current with music technology trends and strategies (Dorfman, 2013). 
Furthermore, the selection criteria helped me to distinguish those educators who 
teach disciplines other than composition and theory, such as chorus or band. My goal was 
to choose participants who provided the maximum amount of diversity (e.g., background, 
career, experience) for my study. 
I first made some possible selections demographically and geographically. This 
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selection process was done by an Internet search of high school music departments in my 
state. I then narrowed my selection process down through researching the websites of 
possible schools for information about their respective curricula. Many schools offer 
information on their websites concerning the activities and facilities oftheir respective 
music departments. Through the summer of2011 , I contacted colleges within my state 
that offer technology courses to announce my study to their classes and obtain 
information from interested parties. 
I contacted administrators and educators via email and asked about their interest 
to participate in my study. My screening process to select the participants was determined 
by (a) the availability of the respondents, (b) the availability of a music technology 
curriculum in their respective schools, and (c) my desire to have the most diverse criteria 
among my participants with respect to geographic, academic, and cultural factors. 
After permission was granted from the Boston University IRB committee, I then 
emailed the school administrators from the selection sites for permission to conduct my 
study in their school. In some cases, that permission was denied. While I was not always 
given a reason for my requests being denied, I ultimately respected those administrators' 
decisions and faced the challenge of fmding other schools and participants to participate 
in the study. One ofthe participants I selected was an acquaintance of mine. I decided to 
choose him because he fit the criteria for my selection process and his selection would 
help me gain access to a "trusted person." 
Glesne (20 1 0) in describing the site selection of a study explained that 
"Literature, documents, discussions with potential research participants, guidance of 
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experienced researchers, and your own good judgment all contribute to sound decisions" 
(p. 31 ). Special effort was taken to avoid "backyard research" - research undertaken at 
one' s own facility where access is easy, and certain initial groundwork steps are already 
in place (Glesne, 2006, p. 31 ). 
The site selection was determined by the following criteria: (1) access to the site 
and participants, (2) a high school music department known to have implemented 
notation software into its curriculum, and (3) a high school music program known to have 
a history using music technology in the classroom. For this study, I examined three high 
school music teachers known to fit the above criteria. I chose three music teachers 
because that number permitted ample opportunity for in-depth observations, interviews, 
and rich descriptions. Because this study investigated the use of notation software in the 
classroom, the participants of the study were chosen for their known experience in 
teaching traditional music courses (e.g., theory, composition, aural skills) and excluded 
participants with students who are enrolled in non-traditional music courses. For 
example, no participants were chosen who solely taught specific music technology 
courses such as music production or MIDI programming classes, although one of my 
participants taught those courses in addition to a class that utilized MNS. 
Data Collection 
I observed and audio-recorded the three participants teaching in their music 
classrooms, conducted personal interviews with them, and took field notes. The audio 
recordings enabled me to document the observations and interviews for later 
transcription. The time frame for this study was for one high school marking period - nine 
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weeks during late fall and early winter of2011-2012. The goal of this part ofthe data 
collection for the study was to observe teachers during the times when they were teaching 
notation software in their classes. Table 3 below illustrates the schedule that was used to 
observe and interview the participants of my study. Pseudonyms were used to represent 
the names of the participants. 
Table 3. Timeline for nine week study 
Observation #1 
Observation #2 
Observation #3 
Interview # 1 
Interview #2 
Interview #3 
Andrew 
11-9-2011 
12-20-2011 
1-20-2012 
11-12-2011 
12-23-2011 
1-21-2012 
Leonard 
11-11-2011 
12-16-2011 
1-27-2012 
11-14-2011 
12-23-2011 
1-31-2012 
All classroom observations were for fifty-minute classes. 
All interviews were twenty to thirty minutes. 
Edward 
11-22-2011 
12-12-2011 
1-25-2012 
11-28-2011 
12-22-2011 
2-6-2012 
Andrew and Leonard' s interviews were conducted by Skype. Edward' s interviews 
were conducted by phone. 
Classroom observations 
The observation process is extremely valuable in qualitative research. My goal as 
researcher essentially was to become a silent participant in the site being studied taking in 
details of the surroundings, details of the conversations, and details of the participants' 
interactions. The participants in the study were aware of my music technology 
background and familiarity with notation software. For the sake of maintaining 
reliability, I requested of each participant that I only observe the classroom setting and 
not be involved in any discussions. Although Merriam (1998) explained, "As the 
researcher gains familiarity with the phenomenon being studied, the mix of participation 
and observation is likely to change" (p. 1 02), I was cognizant during my observations to 
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strictly be an observer and not a participant. The reason for this was to remain neutral in 
my data collection. I did not want to influence in any way in which the participants taught 
their classes. 
Three classroom observations spread out through the marking period (nine weeks) 
at three-week intervals were used to provide perspectives of the observations. The 
observations were scheduled at three-week intervals because I acknowledged that the 
teachers' approaches might change over time (e.g., the progress of the course, student 
familiarity with the software, solving hardware issues). The observations took place 
during the classroom time allotted for music technology courses as determined by 
respective school administrators. 
All interviews and classroom observations were recorded using a multi-track 
audio recorder. An Avid Pro Tools 003 rack-mounted recording system and Apple 
MacBook Pro laptop computer with a matched pair of Earthworks QTC-1 condenser 
microphones and Sennheiser wireless lapel microphone for the teacher were used as a 
primary recording system. As a precaution, an M-Audio MicroTrak II hand-held audio 
recorder was used as a redundant recording system (although this back-up system was not 
needed during the data analysis). These systems were chosen for their excellent audio 
quality and ability to be easily edited in a DAW. Audio documentation of the three 
classroom observations was transcribed for later analysis. I also took field notes during 
the classroom observations and interviews. Permission from school administration was 
obtained to facilitate the observations as well as the proper IRB guidelines as specified by 
Boston University. The administrator request form is located in Appendix F. The IRB 
permission form is located in Appendix D. 
Interviews 
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The interviews followed a semi-structured protocol. There were specific questions 
that I wanted to ask but further probing with additional questions allowed me to glean 
more in depth knowledge from my participants (Glesne, 2010). Personal interviews also 
provided a way for me to observe the facial expressions of the participants. Facial 
expressions can often lead to more meaningful inquiry by suggesting something that is 
not verbalized. For example, a response from a participant that is immediate and assertive 
could be interpreted differently than a response from a participant who seems perplexed 
at the question and raises his/her eyebrows to think for a moment. Alternately, a facial 
expression of excitement may suggest that the participant is eager to relate information 
and not apprehensive in their response. Researchers have the ability to read and interpret 
facial expressions during interviews and drastically change the protocols if needed to 
gather the desired data. Furthermore, not all people are articulate, cooperative, and 
perceptive and the researcher must be alert for non-verbal cues (Bloomberg & Volpe, 
2008, p. 82). 
The personal interviews were conducted via Skype or by telephone and recorded 
with two AKG 414 microphones, one for my voice and one for the participant's voice. 
These microphones were chosen for their ability to provide full frequency response. The 
participant's voice was recorded from a speakerphone or the audio output of the Mac 
computer running Skype. Both microphones were fed into a 12 channel Mackie 1202 
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audio mixer and recorded to a Superscope 430 CD recorder. 
My preference was to conduct the interviews in person because of the maximum 
amount of interaction available in a one-on-one interview situation. Coordinating the 
personal interviews with the participants' schedules and availability proved to be 
problematic. In lieu of personal interviews, Skype was the method used because of its 
audio and video components (although only audio was recorded) when asking questions. 
Using Skype enabled me to observe the participant's reactions and facial expressions 
during the interview. Viewing these reactions led to further probing during the 
interviews. 
With the exception of Edward, who had no Internet connection in his rural home, 
all interviews were conducted using Skype. Edward's interviews were conducted by 
telephone. The interviews were approximately 20-30 minutes long and later transcribed. 
General topics of the personal interviews, guided by my research questions, 
included questions pertaining to the use of music notation software in the participant's 
curriculum, the participant's experience in technology, and the participant's personal use 
of notation software. The three interviews over the course of the nine weeks did not 
contain the same questions. For example, the first interview involved getting acquainted 
with the participant, the equipment, and the surroundings. With the second interview I 
probed for additional information pertaining to procedures used by the participants in the 
classroom, their use of teaching methods, and possible unsuspected outcomes. For 
example, some participants used technology in the classroom (e.g., Smartboards, 
overhead projectors, audio monitors) more than others. In the third interview I probed for 
specific answers to my research questions, and additional perceptions by the educators 
and the teachers' perceptions of what the students learned. Each classroom observation 
was conducted for a single class period of fifty minutes. 
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The interview protocol was informal and semi-structured. A core set of questions 
(semi-structured) was asked and the participants were probed for additional data. My goal 
when determining the interview questions was to ultimately answer my research 
questions so the interview questions were structured accordingly. Samples of the 
interview questions are included in the Appendices at the end of this study. 
Analysis of Data 
I created audio CDs of the recordings that I had made of the observations and 
interviews and transferred them to my iPhone. I listened to them repeatedly, especially 
while driving, over the course of several weeks. I referred to them often during the 
analysis part of my study. The observations, interviews, and field notes were then 
transcribed and analyzed for emerging codes, themes, and findings. I re-read and re-
examined all raw data. I noted passages or phrases from the transcripts and "grouped 
them into thematically connected categories" (Bloomberg & Volpe, 2008, p. 1 08). 
Bloomberg and Volpe (2008) clarified their description of coding and stated, 
"Coding is essentially a system of classification - the process of noting what is of interest 
or significance, identifying different segments of the data, and labeling them to organize 
the information contained in the data" (p. 102). As I became more familiar with the 
interview and observation data due to repeated listenings to the recordings, I realized that 
emerging themes did in fact resemble my original a priori codes. For example, teachers 
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indicated that they used notation software for teaching music theory and composition. 
However, I remained cognizant that pre-determined codes should not define my findings. 
I chose to use a template approach for my coding process. Bloomberg and Volpe 
(2008) described the approach below: 
Key codes are determined either on an a priori basis (i.e., derived from theory or 
research question) or from an initial read of the data." These codes serve as a 
template or "bins" remaining flexible as the data analysis process proceeds. This 
approach makes use of matrices, networks, flow charts, and diagrams that 
supplement descriptive summaries of the text. (p. 99) 
The list below illustrates the original a priori codes gleaned from the TP ACK 
theoretical framework, literature review, and personal experience. Initial references to 
TP ACK are indicated by the use of (T - technology), (P - pedagogy), (C - content), and 
(K - knowledge). 
•Ease of use- T. P. 
• Ability to hear musical results instantly - T. P. 
•Ability to apply diverse compositional techniques efficiently- T. C. 
• Ease of assessment - P 
• Embedded tools for compositional concepts - C 
•Quickness - P 
•Ability for visual/audio assessment by the instructor- T. P. 
•Mechanics of the program, design and learning curve-T. P. 
•Student retention of theory concepts- P 
• Increased sharing of student assignments - P 
•Use of online sites for assignments that use MNS- T. P. 
•Change in teaching practices - P 
• Increased interactivity with students - P 
•Students use of auto-correct function to solve own problems- T. P. 
•Students' familiarity and preference for using computers- P 
•Theory instruction- C 
•Preparation for AP theory test- P. C. 
• Use of visual index and tutorials - T. P. 
As I re-examined all of my data during analysis I developed a preliminary coding 
scheme. Phrases and patterns began to emerge and links among the cases became 
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apparent. Glesne (2006) described the coding process as follows, "Coding is a 
progressive process of sorting and defining and defining and sorting those scraps of 
collected data (i.e. observation notes, interview transcripts, memos, documents, and notes 
from relevant literature) that are applicable to your research purpose" (p. 151 ). 
Refining the codes to further reflect the TP ACK framework was my next task. 
The emergent codes suggested ways that my data could be categorized into one of the 
seven interactive constructs of the TP ACK framework; CK - content knowledge, PK -
pedagogical knowledge, PCK- pedagogical content knowledge, TK- technology 
knowledge, TCK- technological content knowledge, TPK- technological and 
pedagogical knowledge, and TPCK - technological pedagogical content knowledge. 
(Mishra & Koehler, 2006, p. 1026-1 028). 
As Bloomberg and Volpe (2008) stated, "The reduction process includes 
questioning the data, identifying and noting common patterns in the data, creating codes 
that describe your data patterns, and assigning these coded pieces of information to the 
categories of your conceptual framework" (p. 1 02). I subsequently began to code 
recurring themes. Table 4 is an example my coding scheme categories. In each category, 
I listed the relevant themes and recurring concepts that emerged from the data. In some 
cases the themes overlapped. The themes were primarily within-case themes -those 
themes occurring in every case and consistently appearing in the data (Creswell, 1998, p. 
63). I also looked for cross-case disparities in the data- those themes that appeared to be 
independent from each other, but my findings did not support convincing evidence for 
these disparities during this initial round of coding. A cross-case analysis was conducted 
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and is discussed in Chapter 4. 
Table 4. Initial coding categories scheme. 
Instructor Software Design Student Pedagogy 
•Ease of Assessment •Ease ofuse •Student retention •Learning objectives 
• Instant AN ability •Quickness •Sharing of • Learning outcomes 
•Use of on-line sites • Learning curve assignments among •Content knowledge 
• Increased student • Instant playback classmates •Technology 
interactivity • Input/Output •Use of on-line sites knowledge 
• Increased time for program tips • Pedagogical 
teaching course • Use of auto-correct knowledge 
concepts function 
•Use ofvisual •Student preference 
tutorials to use technology 
•Content- theory, 
composition, 
arranging, aural 
skills 
• MIDI cross-
application uses 
•Multiple music 
applications 
After reviewing my coding categories, I then interpreted my fmdings with respect 
to my research questions and applied this second coding scheme. I assessed the emerging 
categories and determined how they would apply within the TPACK framework. For 
example within the category of instructor, the teaching oftheory relates to technological 
content knowledge (TCK) within the TP ACK framework. Dorfman (20 13) proposed a 
similar model for TBMI (technology based music instruction) and TPACK domains. In 
the Dorfman model, philosophical and theoretical foundations are categorized PK; 
teaching strategies and behaviors PK, PCK, TPK, TPCK; materials (musical) CK, PCK; 
materials (technological) TK, TPK and assessment (student work) PK, CK, PCK, TPK, 
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TPCK, assessment (teacher work) PK, TK CK (p. 47). 
Table 5 below illustrates the emergent codes and their relationship to my research 
questions. 
Table 5 Emergent codes within the TP ACK framework 
1. How do the high school music teachers in this study describe their 
experiences using music notation software in the music curriculum? 
•Teaching theory, composition, aural skills- TPCK 
• Ease of assessment- TPCK 
• Learning curve - TPK 
• Instant playback ability - TK 
• Use of online sites - TK 
•Increased student interactivity- TPK 
• More time for teaching course concepts - TPCK 
• Use of visual indexing and tutorials - TK 
2. What do the high school music teachers in this study believe students 
learn through the use of music notation software? 
• Increased student retention - TPK 
•Sharing of assignments among teachers and students - TPCK 
• Use of online sites for tutorials - TPCK 
•Use of auto-correct functions for self-help- TK 
•Students preference to use technology- TK 
3. How does using music notation software influence the teaching 
practices of the high school music teachers in this study? 
•Used for various music disciplines besides composition and theory- TPCK 
• Ability to use new compositional concepts instantly - TPCK 
•MIDI cross-application uses- TPCK 
• Ability to assign notation software to students for other courses - TPCK 
I then began to formulate emerging codes, such as the ability for instant playback 
and the software's ease of use, into a framework that would summarize my key findings, 
all supporting the goal of answering my research questions. Rich descriptions were 
utilized to translate my fmdings into a cogent framework for the reader of this study. This 
framework is a result of analyzing the data from the three classroom observations, 
personal interviews, and field notes taken for each participant. As Patton (2002) stated, 
"Thick, rich description provides the foundation for qualitative analysis and reporting" 
(p. 437). 
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Open coding was used to analyze the personal interviews for possible 
relationships among the participants, their backgrounds, and their use of music notation 
software. Words, phrases, and recurring themes were grouped "for salient categories of 
information supported by the text" (Creswell, 1998, p. 150). For example all participants 
noted the phrases "instant payback ability;" "ease of use;" and "increased student 
motivation." 
Further subcategories were determined using axial coding. Axial coding 
(interconnecting the categories) of the data suggested causal relationships between the 
categories and emergent sub-categories. For example, the use of notation software for 
music classes other than theory such as chorus, general music and band was considered a 
sub-category. Additionally, notation software saved as MIDI files for use in other 
applications, ease of assessment when using the software, and sharing of assignments 
among students were also examples of sub-categories. 
Further analysis of the data included enumeration of important constructs, such as 
the technology used to teach the software and the pedagogical knowledge needed to 
employ technology in teaching. These constructs were gleaned from the recorded 
observations, recorded interview transcripts, and field notes, and reflected how the 
TPACK framework was implemented into the study. Finally, selecting representative 
quotations from the participants and thick rich descriptions of their teaching 
environments were also employed to evaluate the data. 
Some codes that initially seemed relevant to the study did not appear to have 
significance to the findings. For example, teachers did not consider one feature of 
notation software, the auto-correct function, a valuable pedagogical tool. This feature 
automatically corrects rhythmic problems in the score. Additionally, the theme 
"quickness" often appeared in the interviews, but it was hard to determine to what the 
teachers actually referred. All software is quick and dependent on the hardware that it 
runs. Quickness could refer to one's ability to use the program and ultimately one's 
familiarity with technology, but this was not clearly defined in the analysis. 
Trustworthiness and Reliability 
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In qualitative research, triangulation of the data is often used for a study to be 
considered reliable. Glesne (2006) posited: "The use of multiple data-collection methods 
contributes to the trustworthiness of the data" (p. 36). Triangulation of data collection for 
the current study included the observations and personal interviews of the participants. 
I also examined the range of responses by the participants to further substantiate 
reliability. By examining a range of responses, a researcher can note if any data that was 
collected appears to "disconfirm or challenge the researcher's expectations or emergent 
fmdings" (Bloomberg & Volpe, 2008, p. 77). For example if a participant in this current 
study used MNS to only teach piano skills, that response would have been logged as a 
differentiation to previously collected data. 
Limitations, assumptions, and design controls. 
All of the participants purchased their notation software and hardware from 
sources other than my company. Although one participant who purchased an upgrade 
through me had begun implementing it a year before the study was conducted. 
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It is important to acknowledge that I trained none of the participants in the study. 
It raises the concern that training by me could have tainted the way the software was used 
by that participant. For example, on several occasions during my observations and 
telephone interviews, I was asked questions about "how to do something" within the 
program. In the spirit of keeping my observations and interviews transparent, I opted to 
offer assistance to the teacher after my study was completed. 
All three of the participants were music educators who use music notation 
software in their respective curricula. Because of their music education training, I 
assumed that they were all familiar with the concepts of music theory, and to some 
degree, arranging and composition. It was also assumed that the teachers would give 
accurate responses to my interview questions and respond to the questions to the best of 
their abilities. 
High school music teachers were chosen for this study for several reasons. First, 
high school age music students in general have enough musical experience on their 
respective instruments to read music notation. By contrast, elementary students and 
middle school students do not yet possess the same proficiency. They typically are 
learning to play their instruments and engaged in mastering the fundamentals of music in 
general music classes. Secondly, the use of music notation software is often associated 
with AP theory or composition courses - courses that are typically not available until 
high school (Dorfman, 2013; Watson 2011). 
Researcher bias. 
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I note that I am an active composer and arranger with a history of using music 
notation software for the last 25 years. As a music technology retailer, I have a business 
relationship with numerous regional music educators. This relationship did not impact the 
ethics of my study. I did not sell the software to any ofthe participants in the current 
study. In one instance, as stated previously, I had provided an upgrade to the notation 
software for one of the participants one year prior to the data collection period of this 
study. The original software in this case was purchased from another vendor. 
Because of my role as a retailer of music technology products, I am required to 
keep up to date with revisions and updates of current products as well as maintaining 
familiarity with new associated products. Additionally, my experience with notation 
software has included familiarity with several different music notation programs such as 
Finale, Sibelius, Notion, and Composer, as well as the notation components ofDAW 
programs such as Pro Tools, Logic, Sonar, and Digital Performer. Although all of the 
participants in this study used Finale software, the study itself was not about a specific 
brand of software, but the use of notation software in the classroom. 
My role in the training sessions with clients who purchased notation software 
from me was limited to the instruction of the individual music software programs and not 
in their respective implementation into the curriculum. I did not train any of the 
participants included in my study. Additionally, the relative backgrounds of the 
participants (music teachers) were similar to mine in that they are professional music 
educators with similar educational backgrounds, albeit divergent professional 
backgrounds. None ofthe participants in my study were professional composers, 
recording engineers, music producers, or professional arrangers, although they all 
composed or arranged music at times. For example, occasionally all of the participants 
transposed songs for student performances or re-wrote parts for different instrumental 
combinations in school ensembles. Finally, all participants were male, although gender 
was not part of the criteria used during the selection process. 
Member checks. 
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Transcriptions of interviews, and field notes were used for member checking with 
the participants. Files were emailed to the participants of the interviews for possible 
corrections. I received no responses from the participants. Conducting the personal 
interviews, observing classroom activities, and audio recordings provided credibility 
through triangulation of data collection. 
Peer review. 
I used a peer de-briefer to review my data and query my design, methodology, 
data collection, and data analysis. One of my colleagues at the university where I am a 
faculty member agreed to review my study. She earned a doctorate in a related discipline 
(not music). I selected her because I trust her academic integrity and her doctoral study 
was a qualitative case study. She provided good feedback and commented favorably on 
the design of my study. 
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External audit. 
Finally I submitted the fmdings of this study to an external auditor for additional 
review and examination. Another colleague of mine, a retired psychology professor 
agreed to audit my study. I chose her because of her academic integrity and her 
experience with studies outside of the Humanities. She was well acquainted with 
quantitative studies (an alternate study design from the current study) and co-authored 
numerous studies in music cognition during the 1980s. I reasoned that having an 
experienced researcher who was more familiar with quantitative designs was a good way 
for my study to be reviewed. 
Summary 
To effectively answer the research questions, a multiple case study qualitative 
research design was chosen for the study. The sites and participants were chosen 
purposively. The selection criteria for the sites included searching for schools that were 
known to have music technology labs with teachers who used music notation software in 
the classroom. For maximum diversity, urban, rural, and suburban school districts were 
chosen. Similarly, the participants were chosen for career diversity- early career, middle 
career, and late career teachers. The qualitative design of the study resulted in a 
triangulation of data collection that included observations, interviews, and field notes. All 
observations and interviews were audio recorded and subsequently transcribed. The 
transcriptions were then studied and organized into codes for analysis. All audio 
recordings were kept in a locked control room in my recording studio. To protect the 
identities of the participants, pseudonyms were used when referring to them in the study. 
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Member checking was used for accuracy ofthe observations and interviews. Peer 
debriefing and an external audit were used to assess the trustworthiness and reliability of 
the study. 
85 
Chapter IV: Results and Cross-Case Analysis 
In this chapter I present the results of this study and a cross-case analysis of the 
classroom observations and interviews of the participants. To help provide a context for 
each participant teaching in the classroom, I begin each section with a description of the 
participants and sites used in this study. The descriptions include the participants' career 
level, equipment used, observed classroom use, and school demographic. I then portray 
the participants teaching in the classroom, in addition to their perspectives on their use of 
notation software in the classroom. Next, I provide a summary of each participant and 
their use of notation software. Finally, I conduct a cross-case analysis using methods 
from Gerring and Seawright (2007) followed by a chapter summary. 
Andrew 
Andrew has taught at Mountain Area High School for eight years. He taught at his 
previous position, where he was placed immediately after graduating from college, for 
five years. According to the school's website, the district is in a suburban area with an 
economic demographic ranging from average income families to affluent families. The 
school itself was built in the 1960s. It is a sprawling one story building with large parking 
lots surrounded by wooded areas. At the time of this study, the high school had just 
completed a multi-million dollar upgrade that included a complete renovation of the 
school auditorium where most of the performing arts ensembles held their respective 
performances. The music program in this school district is well supported with generous 
funding allocated for band, chorus, and orchestra programs. The total enrollment in the 
high school was 817 students. 
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Andrew is an acquaintance of mine and was finishing his masters in music 
education at the time of this study. He was president of the state music education 
association during the time of my study. He is a mid-career teacher and proficient with 
the use of technology. Andrew served as head of the music department at his school. My 
selection of Andrew as a participant was a result of him meeting the criteria for 
participants described earlier and also due to my familiarity with him and knowledge of 
his music program. 
I had made prior arrangements with Andrew to have my name listed with the 
main office ofthe school. For security reasons, limited access into the school is granted 
only through a visit to the main office. My access into the school was made easy by these 
prior arrangements. Andrew's music lab was a classroom large enough to hold a 30-40-
piece ensemble that included multiple levels in the rear that were higher than floor level. 
The classroom was used for band and orchestra rehearsal as well as music theory. I 
observed Andrew during his AP music theory class. The class met daily at 8:30a.m. for 
one 50-minute period. The class consisted of eight students each with an HP notebook 
loaded with Finale 2006 software. The classroom included a Smartboard that was hard-
wired to one of the student's notebooks that was also shared with Andrew. There was no 
provision for the class to hear other students' work via a general sound system, but the 
one notebook connected to the Smartbo'ard did have audio that was running through the 
onboard (speakers connected to the Smartboard) speakers. Students were able to hear 
their own work via headphones or ear buds. 
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Andrew - class #1. 
I arrived about 45 minutes early to set up my equipment on the first day of my 
observation and to avoid interfering with any classroom time. The classroom was large 
and there was plenty of room for my recording equipment. Andrew used Finale notation 
software in the class to teach the concepts of AP theory. When the class started, Andrew 
started to review the different types of non-chord tones that they had been discussing in 
class prior to using Finale . After the review, about 5 minutes into the class, he announced 
the task for the day: 
So, what you're going to do today, is just try one of these (from a worksheet) 
using Finale so we ' re going to go through the basics of setting up Finale, because 
a couple people haven't done that. And then number 1, we're going to put number 
1 in, from this work sheet okay into Finale and then you're going to follow the 
directions where they want you to elaborate. They want you to embellish this. 
And where this is going to set us up, why we're practicing this now, is you'll have 
to compose bass lines for the AP test. One of the questions on the open-ended 
portion of the AP test is to compose a bass line that goes with the given melody. 
So you're going to need to know where those passing tones fit in maybe escape 
tones, or appoggiaturas, and things like that. So, we're just going to get practicing 
using Finale, and we'll do line number 1, and then on the back, once we get 
through that, that's some homework, OK? (Andrew observation #1 11/10/2011) 
The worksheet Andrew referred to was a worksheet from the AP test from a 
previous year that he used as a model for typical questions that may be used in the exam. 
One of the pedagogical goals of Andrew was to prepare his students for the AP test 
administered several months after our first meeting. The worksheet was a four-measure 
SA TB example with a melodic rhythm that used quarter notes and half notes. Andrew 
instructed his class to input the four parts into Finale using simple note entry and then 
change them to different instruments. For example, Andrew instructed the class: 
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Now what I want to do, I don't want to set this up for keyboards although what 
this may look like is keyboards. Can we go to woodwinds? And please pick flute 
and hit add, and pick oboe, and hit add, and there's a reason for this. I'll explain 
more later. 
Andrew continued: 
Then go to brass, and hit add, and pick trombone, add, and tuba, add. 
Now, real quickly hit next. Now before you do anything else, just listen to why I 
wanted you to do it this way. These four instruments are non-transposing 
instruments. And what we're going to do later when we get to transposing 
instruments, this will do it for us automatically. So, for now, we can put each of 
these four voice parts into the program and we won't have to adjust for anything 
that's transposing or non-transposing. (Andrew observation #1 11 /10/2011) 
The students then proceeded to add non-chord tones to the four-bar phrase. 
Andrew was observant of their progress and on occasion, asked relevant questions. For 
example one student, Michael, used a deceptive cadence followed by a perfect authentic 
cadence. Andrew queried, "Perfect authentic cadence. It' s a PAC. Why is it a PAC?'' 
The students were directed to listen to their examples and make appropriate corrections to 
their scores carefully listening and watching for the proper use of non-chord tones. 
Andrew valued the use of notation software for this classroom task and he 
considered the ability to hear the work was a valuable asset to learning. He mentioned: 
Well, for me it' s just a logical extension of what we' re doing in class, so they're 
working on non-chord tones and to me it means a lot more to them if they can 
actually use them and put those non-chord tones into music. And so there was an 
assignment, from the text, that allowed them to do that. Anyhow, and rather them 
do it [with] just pencil / paper, they can hear it, so for them to be able to hear the 
assignment of us putting in non-chord tones to various voices in appropriate 
places, to me adds so much more value to the whole experience they can actually 
hear what they' re doing, and its not just something they see a pencil/ paper kind 
of task. (Andrew interview #1 11112/2011) 
Andrew said that his classroom time was used more efficiently when using 
notation software and stated: 
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When I'm giving them some feedback about just try sliding this note up a step or 
down a step or turn that appoggiatura into a passing tone, that kind of thing they 
can hear it, they can know it, they can see it for themselves right away. It's just a 
much more efficient way of using the time that you have. (Andrew interview #1 
11/12/2011) 
Although Andrew's primary use of notation software appeared to be for teaching 
theory, he mentioned that he indeed had found other uses for Finale. He stated: 
Once in a while I'll write warm-ups for the band and use it that way. You know, 
there's a variety of uses that I would use just as a band director to do that. And I 
also create assignments for my theory class from Finale. Or I'll create my own to 
have the printed notation in there rather than writing. (Andrew interview # 1 
11/12/2011) 
Andrew - class #2. 
My second classroom observation with Andrew was shortly before the holiday 
break in December of 2011. Once again, I arrived early and set up my recording 
equipment before the start of the 8:30a.m. class. Since my first observation, the class had 
gone on into secondary dominants and figured bass. The task given to the class on this 
day was to work on examples of figured bass from the AP test example worksheet. 
Andrew reviewed some examples of chord inversions before permitting the class to work 
on the task in Finale. 
During the class time, Andrew answered questions from the students regarding 
the mechanics of Finale: "How do I do this?" or "This won't playback." The students in 
general were more accustomed to using Finale and more comfortable using its various 
tools than during my previous observation. 
With regards to how notation software impacted his pedagogical goals for the 
class, Andrew continually asked himself, "Can I enhance the lesson by using Finale?" 
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Andrew thought that the use of notation software helped the students to progress through 
the assessments more quickly. For example, Andrew valued the students having the 
ability to playback and hear their work in real time. 
Andrew planned to use Finale even more in the future. He noted that as his 
students became more familiar with the program, they sought to do more things with it. 
Some purchased the program, while others had the initiative to go online and trouble 
shoot their own questions. As the term progressed, he noted less time was spent with the 
mechanics of learning the program and more time was spent learning new theory 
concepts. 
Andrew - class #3. 
For the third observation in January of2012, I noted the marking period was 
about to close. The AP test was approaching and Andrew's goals for successful AP test 
scores were paramount. The task given to the class was to compose a melody in Finale. 
The melody was to be modeled (with respect to range, rhythm and contour) after a sight-
singing question that might appear on an AP test. The students were instructed to be 
aware of range and melodic contour. They were given 15 minutes in class to compose the 
melody and then they were asked as a class to sight-sing each other's melodies. Some 
examples were placed on the Smartboard for the class to see. Andrew discussed the 
movable "do" concept. The class had previously learned to sight-sing using solfege. Sight 
singing proved to be problematic for the class. When they tried to sing without audible 
help from the software, the results were not that good. Some students were unsure of the 
pitches and reluctant to sing out loud. The ability to view the scores on the Smartboard 
and hear them played back helped them get some favorable results. The students were 
much more confident with singing when they heard the pitches being played back from 
the score. 
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Andrew noted that his use of notation software was primarily for theory, 
composition, and aural skills. For example, I asked him ifthere were any other uses of 
notation software that he used such as downloading a standard MIDI file and importing it 
into Finale for editing. He replied, "We took Eine Kleine Nacht Musik and just took the 
motive and I had them compose a 32 bar couple of phrases." (Andrew Interview #3 1-21-
2012) Notation software helped to influence Andrew's teaching practice, and he 
remarked, "My teaching keeps evolving and in many ways it becomes more efficient." 
(Andrew interview #3 1-21-2012) 
For Andrew, notation software made assessment of the class work easier. For 
example, assignments done in Finale were sent to a school server for retrieval at any 
time. Further, he considered progress with respect to the content presented in his class 
was increased as a result of using notation software. He stated, "I feel ifl hadn't used the 
software, I'd probably just now be introducing that stuff (secondary dominants, leading 
tones, inversions) instead of already been working with it and reinforcing it." Andrew 
proposed that students most likely retain theory concepts more when using notation 
software due to hands on use of the software as opposed to paper/pencil and hand writing 
assignments out. 
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Summary of Andrew. 
Andrew used notation software primarily for teaching AP theory and aural skills. 
For example, tasks were given to the class to insert non-chord tones, analyze cadences, 
use figured bass, and essentially prepare for the standardized AP theory test. He noted the 
ability for students to hear playback of the theory tasks was of primary significance to 
him. Other uses of notation software such as importing standard MIDI files were also 
discussed. Andrew claimed that the students' concentration and retention were seemingly 
improved when using notation software. Some students sought additional tasks online 
and some purchased notation software to use at home. And fmally, the time needed to 
assess his students' work was greatly reduced when using notation software. Andrew 
noted that grading for assignments was handled either electronically, or via a course 
management system. Andrew stated that Finale assignments that were sent electronically 
could be played back for assessment. The audio element of this assessment greatly 
reduced the time it would have taken to study the score. 
Leonard 
Leonard's school is in an urban area, situated close to an exit from an interstate 
highway and heavily populated with traffic and commuters. Total high school enrollment 
was 295 students. His music theory class was held in a dedicated music technology lab, 
which started daily at 8:30a.m. My first observation was held on November 11 , 2011. I 
arrived 45 minutes early in order to set up my recording equipment and to avoid 
disrupting any ongoing classes. 
As I approached the school, the campus buildings appeared to be newly 
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constructed; however I learned the school was instituted in 1961. Upon researching the 
history of the school district, I learned the school was awarded a $2,000,000 state and 
federal grant in 2010 for facade, classroom, and technology improvements. I was able to 
park relatively close to the office to unload my recording gear and had to report to the 
office for security clearance. When I arrived in the morning, students were arriving as 
well. Leonard and I had made prior arrangements for the office staff to allow me to 
receive my guest badge and I was directed to the classroom where he would be teaching 
his theory course. 
As I approached the classroom, I heard choral music coming from an adjacent 
classroom down the hall. That course, also taught by Leonard was his first period class 
before music theory. I was permitted to go into the music technology classroom and was 
immediately impressed with the layout of the workstations and related equipment. The 
room was approximately 30 feet wide by 50 feet long. There were 15 iMac 24-inch 
workstations each with an M-Audio 49-note Keyrig keyboard, and one pair of JBL 
computer audio speakers. Each workstation was loaded with Finale 2011 , Logic, and 
iLife. The iLife bundle includes GarageBand, which Leonard used in his audio course. 
Other audio equipment such as a rack -mount 16-channel mixer, power amps, and 
several pairs of audio speakers was also stored throughout the room. The teacher's 
workstation also had a 24-inch iMac, M-Audio 49-note Keyrig keyboard and two six 
channel mixers. At the front of the room was a Smartboard. Leonard used the 
Smartboard extensively in his classroom presentations and appeared quite comfortable 
implementing the technology in the classroom into his teaching. He used a wireless 
computer keyboard to access the Smartboard and had the ability to send any one of the 
students' assignments up to the Smart board for the class to view. 
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At the time of my study, the audio from each student's workstation was heard 
through the individual JBL computer monitors, but Leonard's ultimate goal was to route 
the audio from each workstation to the Smartboard- an issue he was trying to resolve 
during our initial meetings. Also at the time of this study, he was pursuing a Masters 
degree in recording technology at a nearby college. He was about a half-year away from 
completing the degree. Several of the courses Leonard teaches are music technology 
related. For example, he teaches four sections of "Recording and Sound," and one 
section of"Intro to Music Tech," in addition to Music Theory I and II and chorus. 
Leonard designed and purchased the equipment for the music technology lab in 
his school. He had been using it for the past three years. He is an early career teacher in 
an urban area with a diversified student population. My selection of Leonard as a 
participant was due to an Internet search of music technology programs in high schools 
across his state. I sought a high school teacher in an urban area who used notation 
software in their curriculum. When I discovered Leonard's district I notified his 
supervisor and preceded to follow my participant selection protocols (described in 
Chapter 3) for having Leonard become a participant in my study. 
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Leonard - class #1. 
During my initial observation, Leonard gave the class the task of writing melodies 
using Finale software. This task corresponded with the study of scales. The task used 
"Twinkle Twinkle Little Star" as a melodic line and the class was required to write the 
melody in major, minor and melodic minor modes. The class had prior experience with 
Finale. Leonard stated: 
Yes, within the first or second week of class we do a Finale boot camp where 
they have handouts of the shortcuts, basic and some advanced of the expression 
keys, all the shortcuts, using numeric keys, pretty much everything to use to make 
it as basic as possible other than clicking the simple note entry and clicking in the 
note. I tried to get them away from that to show them that you can play it in, 
record it in and use the number pad and then adding expressions in the smart 
shape palate and entry palate; the octave commands using the number keys at the 
top ofthe keyboard. We do this through a Power Point presentation and a quick 
reference guide that goes in their notebooks. (Leonard interview #1 11119/2011) 
Throughout this classroom observation, Leonard spoke with a fast pace. He did 
not stop to explain any concepts. He used music terminology that apparently the class had 
previously discussed. For example, the class seemed very comfortable with the term 
melodic sequencing and the four subsequent types; a) tonal, b) real, c) modified, and d) 
false. The class actually was given three tasks to do; create a melodic line in major, create 
a melodic line in harmonic minor, and compose a four-bar phrase with a clear antecedent 
consequent. 
Leonard's teaching approach and classroom pace appeared to be efficient to me. 
He covered a great deal of information during the class and there were very few questions 
from the students concerning the task at hand and how to use the MNS. I asked Leonard 
how he would assess the learning experiences of his students when using notation 
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software. He responded: 
I think it is actually better. I constantly have an aural portion; we have a specific 
aural theory day every week but this helps to reinforce that further where we can 
talk about something; I can demonstrate it or pull in examples because a lot of the 
books such as total harmony, music theory and practice they are using and have 
Finale examples already so that is even better than I can show them there. Not 
only are the students manipulating the music, they can hit play and a lot of them 
don't have the ability to play the piano yet, so they can still hear it and experience 
it thus creating the aural to go along with; especially when we are talking about 
chords, choral [sic] progression and intervals. (Leonard interview #1 11119/2011) 
Leonard observed that his students' work is "better quality" because of the use of 
notation software. When I asked him to clarify his comment he continued: 
I get better quality because the students are hearing their compositions more, 
therefore, they are able to tweak more, Finale reinforces all the material and for 
my classes it has enabled more students to produce a better quality of work, 
especially when they can write it, listen to it, tweak it and then print it. It is a more 
professional sounding end quality and professional looking end quality. (Leonard 
interview # 1) 
Besides using Finale in his classroom, Leonard used the notation components of 
Logic, Apple's Garageband, and Sibelius. He explained that initially in his teaching 
career he was more familiar with Sibelius, but because the school started using 
SmartMusic a program created by MakeMusic the parent company of Finale, he switched 
his music lab to' Finale. 
Leonard- class #2. 
During this session, Leonard reviewed handouts from an earlier class meeting that 
presented the various types of cadences. The students were assigned the task of 
completing the worksheets as homework. He displayed and played back different 
students' assignments on the Smartboard in front of class and discussed the work with 
the students. Some students did well with the assignments, while others had some 
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problems. Leonard helped them through the process by highlighting and discussing 
specific solutions to the problems. During this time, Leonard used a wireless Mac 
keyboard and mouse. He instructed the class to access (http://musictheory.net) and use 
the site as a reference for music theory questions. 
After this review, he assigned the task for that day using Finale. He reviewed the 
different types of non-chord tones (NCTs) and told the class to compose a four bar phrase 
and use NCT's. The students were instructed to use the lyric tool in Finale to label each 
NCT. Regarding the assignment, he explained: 
That is my main focus with this, Music 1, is to get them to know where those 
tools are. We have recently added the lyric tool because we are doing harmonic 
progressions and chorale analysis, etc. so I have shown them the lyric tool. A few 
are still using the textbox tool and I try to steer them away from that because it 
doesn't lock and shift if things move. To get them to understand the difference 
between the lyric tool and the textbox is my next step. (Leonard interview #2 
12/11/2011) 
Leonard mentioned that the students' data input had improved significantly. He 
was very interested in getting his students to understand the various tools in Finale. For 
example, using speedy entry in Finale was one of the tasks given to the students to learn 
one of several note entry methods. Speedy entry uses a combination ofthe QWERTY 
section of the computer keyboard for pitch and the numerical part of the keyboard for 
rhythmic value. Using both hands, one can input notation rather quickly. He explained: 
I try not to give them smart entry, simple note entry; going note click note click. I 
am trying to get them to use the number pad; that is my main goal, that they can 
use the number pad and click or the number pad and piano for those that have the 
skill. I am trying to show them that is the best/quickest way to do it. (Leonard 
interview #2, 12/16/2011) 
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Leonard discussed his other uses of notation software as well. He often used 
Finale or allows students to transpose parts for his annual spring musical. Because, many 
of his students appeared to be tech savvy as well as musicians; (i.e. they are also in his 
recording and music production classes performing their own music), they are very 
comfortable doing these tasks. Leonard also imports standard MIDI files into Finale in 
his recording sound class. He stated: 
I use it in my recording sound class now. We hit into [discussed] MIDI and how I 
introduced that, when we talk about MIDI files, we create a MIDI file that they 
have played in or done the beat patterns to and drag MIDI loops and I show them 
how we can export that as a MIDI, a .mid file and I introduce them briefly to 
notation software. (Leonard interview #2, 12/11/2011) 
With respect to the learning experiences of students, Leonard acknowledged that 
students appear to be more engaged and willing to explore new concepts when using 
notation software. For instance, students often watch the tutorial videos on their own to 
learn about aspects of the program. Leonard posited, "They are more apt to just try 
whereas when it was done on paper, they would do what I asked and then just sit there." 
(Leonard interview #2, 12/11/2011) 
Leonard - class #3. 
During this observation Leonard assigned his class the task of creating a melody 
and arrangement in Finale. At the beginning of class, using the Smartboard, he illustrated 
how to set up a score in Finale using the "set-up wizard" (a way to quickly defme 
instrumentation, score order and transpositions). He reviewed the concepts of 
determining a harmonic progression and discussed harmonic rhythm when approaching a 
cadence. The class was instructed to only use speedy entry for the assignment. The 
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students appeared to be very comfortable using the software with little "how-do-l-do-
this" type of questions. 
The mechanics of this program seemed to provide very few challenges for the 
students in his class. Leonard described the students' learning experiences and offered: 
My Music 1 students I can tell right there. First, the quickness of it (Finale). We 
are doing an arrangement right now; we are learning to arrange. I can say here is 
your harmonic rhythm and now I want you to take your own harmonic 
progression and put it within the harmonic rhythm and go; put those chords in and 
I want them labeled. I can start seeing the students who are struggling; not 
[because] they are struggling with the program, they are struggling with [the] 
chord progressions. That helps me to focus on that student because it is right there 
on the screen making it more visual for me as a teacher. In most cases it is not a 
Finale notation problem; it is the student trying to figure out what chord it is. I am 
then able to sit down with the student and work through the theory portion and see 
what the problem is. (Leonard interview #3 1/15/2012) 
Leonard considered the design of the Finale program and ease of its interface 
resulted in the students becoming more engaged and interested in learning. He considered 
the concepts they learn while using the program might have the potential to stay with 
them longer. 
Contrastingly, Leonard considered writing by hand better for students when 
writing for 4-parts or sketching out ideas. He mentioned the problem seemed to be in the 
mechanics of setting up and using the notation software correctly. Leonard continued: 
Most of my advance music classes would rather sketch it out, at least a general 
sketch, especially if they are doing a chorale. It is not that easy using the 4-part 
voicing plus the stem direction thing. It is all the setup that is involved. This is the 
part that gets in the way (Leonard interview #2, 12-16-2011). 
Leonard further explained that with respect to his teaching practices, the sharing 
of assignments was much more prevalent. He shared student' s work among his various 
classes, and students were permitted to view other students ' work after assignments were 
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reviewed and assessed. This sharing was due in part to the limited availability for the 
students to print out their assignments, a restriction set by his school district. Leonard 
used the school district's course management system (Moodie) to handle all work 
assignments for his classes. This proved to be very efficient for students to view others 
students' work. This interactivity was also shared among his other classes. For example, 
his students in his theory class could view the work of students in his recording class. 
Using the course management system also enabled Leonard to become more efficient 
with his assessment of student assignments. Because all work was done in Finale, 
assessing the work was simply a matter of pulling up an assignment electronically rather 
than printing it out. Comments and corrections were all done electronically. Leonard 
explained: 
All my classes are now Moodie-based so they can put their assignments in 
Moodie and they can see them, download them, work on them and then upload 
them again. Even if a student is absent and they have Finale, surprisingly many 
students do, they can work on their projects and not get behind. (Leonard 
interview #2 12/11 /2011) 
Summary of Leonard. 
Leonard was experienced with technology and how it related to music education. 
He maintained a music technology lab that was equipped with some of the latest 
hardware and software. Leonard' s primary use of notation software was for teaching 
theory concepts. For example, the tasks given to the class were designed to create 
melodies using different modes, and the correct identification of cadences and non-chord 
tones. Leonard seemed at ease using instructional technologies such as the Smartboard, 
wireless keyboard, and the various tools in the Finale application. He indicated that he 
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spent time training his class in Finale early on in his course to help overcome the initial 
challenge of learning an in-depth application. He considered this early training to be an 
efficient approach to his pedagogical goals. 
Leonard noted that some of his students used online sources to further their 
understanding of notation software. Additionally, he indicated that he occasionally used 
notation software for other uses such as creating or transposing parts for school music 
ensembles. Leonard' s assessments of student work were handled through the school 
district's course management system. He considered this system to be efficient in that it 
provided students with online access to grades and assignments. Finally, he explained 
that students appeared to have greater success achieving his learning goals and outcomes 
because of using notation software. 
Edward 
Edward is a late career high school music teacher working in a rural school 
district. I was given his name by a colleague of mine and contacted his school 
administrators for the clearance to include him in my study. The combination junior 
high/high school is an older one story building erected in the 1950s. The total high school 
enrollment was 231 students. I had made prior arrangements with Edward as I did the 
other participants so that I could enter the school with a minimum amount of problems. 
The school required a security clearance for access. I entered the main office and after 
explaining my visit, I was given a visitor's pass and directed to the music rooms in the 
building. 
Edward was instrumental in helping his district in obtaining approximately 
$120,000 in technology grant money earmarked for arts programs. During my initial 
interview he claimed, "I am the Fine Arts Department Chair, therefore, when we 
purchase technology we look for both music and visual art. The vast majority of the 
technology has gone into the music program." 
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Edward used notation software for his music theory class. This class met every 
day from 12:55 p.m.- 1:38 p.m. Edward's classroom contained 8 Hewlett Packard 
computer workstations each with outboard MIDI interfaces (a device used to connect the 
keyboard to the computer) connected to Casio CTK-900 keyboards. The Casio keyboards 
were multi-timbral (capable of playing different timbres simultaneously) with built in 
speakers, hence eliminating the need for external speakers for playback. Each 
workstation was loaded with Finale 2009. The HP computers were running Windows XP 
operating systems. During my initial and subsequent observations students routinely had 
problems booting up computers and/or keeping them from crashing. The class was 
limited to 8 students. 
Edward - class #1. 
I arrived about 45 minutes early to set up my recording equipment and discovered 
the room was being used for another music course. I was given permission to load in and 
set up my equipment near the computer workstations located at the back of the 
classroom. The classroom was approximately 30 feet wide by 40 feet long and had 
seating for approximately 30 students. The back of the room had a raised level where the 
workstations resided. There was a digital piano and several rows of desks in the front of 
the room. 
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When the students arrived for Edward's theory class they immediately went to 
their respective workstations and logged on. Some students had trouble logging on and 
some computers crashed after booting up. Edward acknowledged that these were typical 
problems he encountered with the age ofthe computers that he was using. Some of the 
students in Edward's theory class had some prior experience with NotePad, a free 
introductory notation program developed by the makers of Finale. The theory course was 
limited to the 8 computer workstations that were available. 
At this session, the students were given the task to compose an 8-bar melody in 
Finale, analyze the non-chord tones using the text tool and to print out the score. This 
assignment was part of a larger task to create a 64 bar original composition that continued 
throughout the marking period. Edward explained that not all of the students enrolled in 
his theory course were musically literate, (i.e. had the ability to read music). Some were 
learning to read music as they were learning the Finale program. Edward stated that his 
preference was for students to enroll in his theory course after they had a year of band or 
chorus; however, this was not the case in this course. Compared to the other participants 
in my study, there seemed to be a wider disparity among Edward's students with respect 
to musical literacy versus musical illiteracy. Edward stated that in a small rural area such 
as his school district, many students did not have the opportunity to study a musical 
instrument privately. Edward remarked that in some cases, the only musical training 
students received was during school hours. According to Edward: 
Being a small rural school district, we are rather limited at what we can offer and 
as a result I feel I do not use it nearly at its fullest potential. I use it more to my 
own personal gain in the lesson rather than let Finale drive the lesson. (Edward 
interview #1 11/12/2011) 
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Students dealt with numerous operational issues in this class. For example, there 
were instances of sounds not playing back from the workstations, notes appearing in the 
wrong range on the staff when entered from the Casio keyboard, and incorrect rhythms 
being represented in the score. As in the classes from my other participants, some 
students had keyboard skills while others did not. Edward went around to each student's 
workstation and helped the students with their projects. 
Edward - class #2. 
My second observation with Edward was right before the holiday break in 
December. I arrived 45 minutes early to set up my recording equipment. The class was 
continuing their term assignment to compose a 64-bar original composition for 5 
instruments, label all non-harmonic tones, and provide a harmonic analysis of the piece. I 
asked Edward how he thought his class had progressed since our last meeting. He replied: 
My music students were functional before but now my Gen Ed students who were 
not in music have caught up to speed. Now my music students are starting to 
explore the different icons [Finale tools] on the desktop and they are starting to do 
things like "how do I make this note staccato" and "how do I do dynamics?" My 
music students are beyond creating a melody and accompaniment with chords. 
Now they are getting into the nuance of music. Meanwhile my beginners, who are 
non-musical, are at a point where they are feeling comfortable in creating a 
melody and doing a chord progression with it. (Edward interview #2 12/22/11) 
Edward stated that this was his first year teaching theory using notation software. 
Prior to that, he taught the course for 10 years and I began to suspect that Edward was 
perhaps not as familiar with Finale as my other participants. Further evidence of this was 
provided by his response to student's questions during class. For example, he was 
unfamiliar with the feature to change a note to a rest or to view the entire score in concert 
rather than transposed pitch. He admitted his knowledge of how to do these tasks was 
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limited. Knowledge of certain features of a software program might be considered to be a 
minimum requirement for teaching the software by educators in a similar classroom 
situation. This observation of his technological knowledge, clearly one of the constructs 
ofthe TPACK framework, will be discussed later in Chapter 4. While this is certainly not 
an indictment of Edward' s abilities, he had stated that his was his first year teaching the 
course with Finale. I did not observe any attempt by him to find answers to his students' 
questions. 
Edward mentioned that he was continually getting more comfortable with Finale 
and had discovered additional uses for the program. He described one of those uses and 
stated: 
Yes. I am feeling more comfortable in arranging. For the spring concert I would 
like to do a flute choir and some other ensemble settings that the students are 
interested in maybe combining instruments as a small ensemble and Finale 
definitely will be. something I use to arrange those types of scenarios that I 
haven't done before." (Edward interview #2 12/22/2011) 
Additionally, when asked if he would be in the same place academically at this 
point in the term if he had not used notation software he replied, "Absolutely not. The 
benefits of the students getting instant gratification are huge. I would be severely behind 
especially with the introductory students" (Edward interview #2 12/22/2011). 
Edward - class #3. 
My last observation with Edward was at the end of the marking period. All of the 
students had completed their respective assignments in Edward' s theory class. Of his 
eight student assignments, Edward considered two completed compositions ready to play 
in school ensembles. The other six compositions were incomplete or proved to be too 
difficult for a high school ensemble to perform. Edward thought that Finale worked for 
some of the students, but not all. He explained: 
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I think the music software defmitely strengthened my stronger students; however, 
my weaker students in music theory I don' t think benefitted as much by using 
notation software. I think if anything, the software enhanced the margin between 
my strongest and weakest students. (Edward interview #3 1/20/2012) 
Edward thought that the use of Finale did not change his teaching practice, but it 
did "reinforce it." He mentioned that he taught basic theory concepts frrst using the 
Smart board in a lecture-type situation, but the composition assignment was when he 
made the shift totally to Finale. Although no formal theory lessons (e. g. , part writing, 
chord spelling, interval identification) were taught per se, students did, however, 
compose music using Finale notation software. Edward explained his assessment of the 
students' work was simplified by the use of notation software. He described a specific 
case with a handicapped student who had unusually small handwriting. He stated: 
By using notation software, her assignments were easy to understand and grade. I 
also had a student who didn' t speak and when she did her manuscript writing her 
notes were very tiny almost microscopic. When she started the music software it 
made the world of difference for me being able to read her work and ideas. I don' t 
think the computer software changed the way I taught, I think once I taught the 
concept we were then able to go to the software - it reinforced what I was 
teaching. (Edward interview#3 , 1-20-2012) 
Edward summary. 
Edward' s primary use of notation software was to teach theory/composition 
lessons. The task given to his class was to compose a 64 bar tune and analyze all non-
chord tones, and analyze the harmony. I observed that the task might have been ambitious 
for students to complete given that some students in Edward' s class were just learning to 
read music notation. He indicated that using notation software "enhanced" the learning of 
his students. When I questioned his meaning of enhanced he indicated that his students 
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grasped the concepts of music theory more thoroughly and with greater retention than 
had they not used MNS. He also noted that his students who were musically literate 
fared better in the task when using notation software than students who were just learning 
the concepts of theory. 
Edward expressed his desire to eventually use notation software for other tasks 
such as transposing parts for other school ensembles. I noted that the hardware in 
Edward's facility was perhaps the cause of some the problems that occurred during my 
observations. For example, there were problems with computers not booting up or 
crashing all together. The students seemed to appear frustrated with their results because 
of these technical problems. 
Cross-Case Analysis 
In qualitative inquiry, one must search not only for similar categories and themes, 
but also differences among the cases that may reflect outcomes of the study. Khan and 
Van Wynsberghe (2008) explained: 
Cross-case analysis enables case study researchers to delineate the combination of 
factors that may have contributed to the outcomes of the case, seek or construct an 
explanation as to why one case is different or the same as others, make sense of 
puzzling or unique findings, or further articulate the concepts, hypothesis, or 
theories discovered or constructed from the original case (p. 2). 
The fmdings from the current study suggested numerous similarities among the 
participants and several differences. Some of the recurring themes suggested a 
consistency among the participants studied. For example, the use ofMNS for teaching 
music theory and the ability to instantly playback examples were recurring themes. These 
themes were also constructs ofthe TPACK framework discussed in Chapter 3. For 
instance, teaching theory may be considered part of the technological and content 
knowledge constructs. Furthermore, the instant playback ability is a technological 
knowledge construct. 
All three of the participants used notation software in a music theory context. 
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Interestingly, the use of a compositional task to study music theory concepts was 
consistently employed by the participants. For example, all three participants gave their 
students the task of creating melodies and identifying non-'chord tones within the 
melodies thus employing notation software as the means to notate the task. 
Of importance was that not all of the participants had students who were 
musically literate. In Edward's case, the notation software was used to teach music 
literacy. Two of the participants, Andrew and Leonard, used the notation software for 
teaching aural skills in addition to music theory. There were some technological issues 
that impeded learning in one of the participants' classrooms. Edward's class routinely 
experienced computer crashes, lost files, and MIDI connection failures. In contrast, 
Leonard had very few technological problems, while a third (Andrew) experienced 
minimal problems. All three of the participants used Finale software in their classrooms. 
Upon further review of the collected data, additional related and unrelated themes 
began to emerge. An important part of analyzing qualitative data is to challenge one's 
understanding of the data by searching for discrepancies and inconsistencies. As 
Bloomberg and Volpe suggest, "seek all possible and plausible explanations other than 
those that are most apparent" (p. 131 ). 
Gerring and Seawright (2007) identified 7 methods of cross-case analysis: 1) 
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typical, 2) diverse, 3) extreme, 4) deviant, 5) influential, 6) most-similar, and 7) most-
different (p. 9). Applying the 7 methods to cross-case studies does not work in all 
circumstances. For example, the extreme method is generally only applicable to studies 
with large numbers of participants. Studies with a small number of participants do not 
generate a large enough data source for an outcome to be categorized as extreme. Below I 
will discuss the applicable cross-case methods as described in Gerring and Seawright 
with the data collected from the current study. 
Typical case. 
Most of the emerging codes and patterns suggested themes that are typical of the 
way participating teachers use MNS. For example, all of the participants used the 
software for theory instruction. All of the lesson plans were devised primarily around 
composition tasks. The students in all three cases were receptive to the use of music 
technology in their classrooms. The students became actively engaged when using MIDI 
workstations. All three participants observed that the students' active engagement in 
using MNS might have been partly due to their familiarity with computers and 
educational technology. 
The teachers were all familiar with using Finale software albeit at diverse levels 
of competency. Leonard, for example, was aware of many of the shortcuts in the program 
that minimize keystrokes and optimize efficiency. He maintained the newest version of 
Finale in his lab and regularly upgraded the application to stay on top of the newest 
features offered by MakeMusic. My observations of Leonard revealed his deep 
understanding of Finale and his ability to quickly troubleshoot problems associated with 
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running the program and interfacing the technology at hand (e.g., the Smartboard, 
associated music software and course management system). For example syncing the 
Smartboard with his desktop computer running Finale initially presented a challenge. 
Leonard quickly resolved the issue and had the Smartboard working in a minimal amount 
of time. Furthermore, his confidence in his ability to troubleshoot hardware and software 
problems did not waiver when a challenge presented itself. He was quick to "dig in" and 
find the source of the problem and fix it. This ability indicated Leonard's broad-based 
knowledge of different technologies, how they interact, and how troubleshooting 
problems could be accomplished. 
Likewise, the students were familiar with the MNS at different levels of 
competency. Some of the students in Andrew and Leonard's class actually owned Finale 
software. They were familiar with the workings of the program and felt at ease using it. 
These more advanced students were aware of online tutorials and self-help videos that 
provided access to information available for students to solve their own problems. Other 
students started using the software at the beginning of the course and were faced with 
learning how to use the program along with learning the musical content of their 
assignments. 
Because the workstations were highly dependent on computer hardware and 
software working in tandem, problems with varying levels of technology at times became 
obstacles in the learning process. For example, Edward's students had numerous 
problems with computer crashes. Their work was plagued with lost or corrupted files. 
The program's ability to instantly playback audio from the music scores was the most 
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consistent comment offered by the students to their instructors. Hearing their work as 
changes were being made a positive impact on the workflow of the students. They could 
easily introduce changes to their scores and immediately hear the results without having 
to print out parts and having the parts played. 
There are several constructs ofthe TPACK framework that can be gleaned from 
the typical case analysis. For example, the results from the data found that all of the 
participants used notation software for teaching music theory. The teachers' knowledge 
of music theory (CK) and their knowledge oftechnology (TK) illustrated how integrating 
two types of knowledge could be applied to effective teaching. Additionally, with 
teachers integrating technological and pedagogical knowledge (TPK), student retention 
and interactivity were increased. Furthermore, students and teachers agreed that the 
instant playback ability of the software (TK) was one of the best features for learning. 
Most-diverse case. 
The two most diverse cases from this study were Leonard's and Edward' s. 
Demographically, Leonard's school district was in an affluent urban area. The school 
district, through a recent grant, had updated its technology resources. The workstations 
and equipment used by Leonard's class was very current and well maintained. New 
purchases were budgeted yearly to maintain the high level of technology implementation 
available in his school. 
In contrast, Edward' s school district demographically was a small rural district. 
The Fine Arts Department in the school, in which Edward was department head, received 
a grant for technology purchases several years before my observations. The computers 
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were considerably older and not maintained when compared to Leonard and Andrew's 
technology labs. Edward noted that funding for new technology equipment was becoming 
scarce and that even upgrading to new versions of Finale had become a challenge. 
Also of relevance to the current study was the perceived level of teacher abilities 
between Leonard and Edward. Leonard was an early to mid-career teacher who was very 
technologically savvy. He was currently working on a Masters degree in recording 
technology during my study. Edward was a late career teacher who apparently did not 
have the technological command of the Finale program that Leonard did. For example, 
Edward was unaware of a feature in Finale that enables the user to view the score in 
concert key as opposed to transposed score. Contrastingly, Edward had more years 
teaching theory and composition and thus felt very comfortable teaching these concepts 
but perhaps not within a technological framework. Also of interest is the fact that my 
personal interviews with Edward were done by telephone instead of Skype because there 
was no Internet connection at his home. That is not to say that he was unfamiliar with the 
Internet, just living in an area where Internet service was not provided. 
Students in Leonard's class had taken an introductory theory course before my 
observations. Consequently, they were musically literate and had the ability to read music 
notation. The students in Edward's class were from various musical backgrounds. Some 
were literate in music but others were just beginning to learn to read music notation. As a 
contrast, many students in Andrew's class were AP theory students who were not only 
musically literate but took lessons privately on their respective instruments. 
The TP ACK constructs of content knowledge (CK) and technological knowledge 
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(TK) can be applied to the most diverse case analysis. For example the disparity among 
the technological knowledge of the teachers illustrated how these constructs can be a 
factor in effective teaching (e.g., Leonard was more familiar and comfortable with Finale 
than Edward). Furthermore, the students who were knowledgeable with music theory 
(CK) and the Finale program (TK) tended to have better results with the given tasks and 
used the program more efficiently. 
Most-similar case. 
The two most-similar cases in this study were Andrew's and Leonard's. 
They were close demographically, Leonard being in an urban district and Andrew being 
in a suburban district. The relative age and career level were close with these two 
participants as well. Andrew and Leonard both used current versions of Finale along with 
Smartboards in the classroom. Edward had access to a Smart board but did not know how 
to use it. Both of the participants designed similar tasks for their students. Andrew's first 
task was for his class to write an 8 bar melody and have them indicate all non-chord 
tones. Similarly, Leonard gave his class the task to change "Twinkle Twinkle Little Star" 
to a minor mode using the harmonic minor scale. These two preliminary tasks were 
pedagogically well beyond the tasks given by Edward to his students. 
Andrew and Leonard also implemented alternate uses for MNS other than 
composing tasks. For example, both explored the ability to import MIDI files from the 
Internet and have their students import the files into Finale and change the arrangements 
and orchestrations. This gave the students the option to choose tunes of their liking and 
discover options implementing the arranging and orchestration features of Finale. 
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Additionally, in these two classrooms, student assessments were done electronically via 
student work files being sent to a course management system for the teacher to observe 
and grade. Both teachers commented on the efficiency of this system. Also, in these two 
classrooms the use of online tutorials was encouraged. Students often were able to solve 
their own problems by referring to online resources for help. 
In the most-similar case analysis several TPACK constructs appeared. For 
example Andrew and Leonard both shared a good aptitude for technological knowledge 
(TK). They also used the program to enhance their assessments of the student's work 
(TPCK). Additionally they both were receptive and encouraged their students to use 
online sites for tutorials (TPCK) and they implemented MIDI cross-application uses 
(TPCK). 
Most-different case. 
The most-different case in this study was Edward' s. His case was a study of a 
rural school district music technology course and a late career teacher. While not a 
technological novice, Edward did not share the technological abilities that Andrew and 
Leonard did. Edward' s knowledge of the Finale program was somewhat limited. 
Students asked questions in his classroom that he was not prepared to answer. The 
computer hardware and software in his classroom were outdated. Consequently, the 
scores produced by the students in this class did not share the same detail that scores 
produced in Leonard and Andrew's classes. For example, students often had rhythmic 
issues on their scores where groups of 32nd notes would appear and rhythms did not 
complete the measure correctly. Additionally, dynamic and phrasing marking were absent 
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from the scores. While these issues can be due to several factors such as student musical 
illiteracy, lack of teacher technological training, and equipment failures, the work 
produced by these students paled in comparison to the work produced by Leonard's and 
Andrew's students. The scores produced by Leonard's and Andrew's students contained 
correct dynamic and articulation markings. The scores were also checked for range issues 
and playability, two parameters not checked by Edward's students. 
The most-different case analysis indicated the significance of technological 
knowledge (TK) and technological content knowledge (TCK) when contrasted among the 
three teachers. I identified several important constructs that were observed during the 
data collection. The constructs consisted of the use of a compositional task, student music 
literacy, knowledge of the MNS program, the importing of MIDI files, the use of online 
help, the technology experience of the participant, technology problems that were 
encountered, and the use of MNS for theory instruction. 
I assessed certain constructs such as knowledge of the MNS program and 
technology experience of the participants on a scale of minimal to very good. Certain 
constructs were assessed as either implemented or not implemented. For example, 
Andrew and Leonard utilized online help in their classrooms where Edward did not. 
Table 6 below illustrates the constructs observed in the study and how they compared in a 
cross-case analysis. Note how the technological experience and knowledge of the MNS 
program affected the outcomes of Edward's observations. 
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Table 6. Observed constructs in a cross-case analysis 
OBSERVATION ANDREW LEONARD EDWARD 
Composition task Yes Yes Yes 
Student music literacy Good Good Minimal 
Knowledge of MNS Program Good Very Good Minimal 
Import MIDI files Yes Yes No 
Online Help Yes Yes No 
Technology experience Good Good Fair 
Technology problems Minimal Minimal Several 
Theory instruction Yes Yes Yes 
Chapter Summary 
In this chapter, I represented the findings from the data collected in this study. All 
three participants used the notation software primarily for teaching music theory and 
composition. The study of composition includes the study of music theory. All of the 
participants in the study used the software to help students understand the fundamentals 
of music theory. Embedded into these fundamentals were concepts such as creating 
melodic lines, phrase structure, harmonic progressions, staff transpositions, note 
articulations, and score dynamics. All of the participants agreed that using notation 
software helped them reach their pedagogical goals more efficiently, and that student 
participation and retention of the content were increased. 
The participants during their respective interviews revealed that both teachers and 
students responded most favorably to the instant playback feature of notation software. 
The participants agreed that students particularly liked: a) the use oftechnology in the 
117 
classroom, b) the use of on-line help when using the software, and c) the embedded on-
line tutorials for self-help. All of the participants also recognized and implemented the 
ability to use notation software for other purposes such as arranging, score transposition 
and aural skills. While none of the participants drastically changed their pedagogical 
approach as a result of using notation software, all of them agreed that using notation 
software reinforced their teaching approach. None of the participants suggested that they 
would return to older (non-technological) methods of teaching music theory. 
The cross-case analysis revealed similarities among the cases such as those 
mentioned above. However there were some striking differences among the participants 
and their use ofMNS. For example, Edward' s class was not completely musically literate 
and some time with the notation software was spent teaching the students how to read 
music. Contrastingly, Andrew and Leonard's classes were advanced theory classes with 
all of the students having the ability to read music. Edward's class had numerous 
technological problems with the hardware. There were many instances of computers in 
Edward's class not booting or crashing during operation. The technological problems 
contributed in part to the restricted use ofMNS for other applications. For instance, both 
Andrew and Leonard used online resources for assessment, tutorials, and MIDI file 
sharing whereas Edward did not. 
The level of technological competency among the participants appeared to be a 
significant factor in their respective pedagogical outcomes. Consequently, the students in 
the respective classrooms benefited from this competency as well. For example, students 
in Andrew and Leonard's classes utilized online help and YouTube clips to assist them in 
understanding and troubleshooting the notation software. These students exhibited a 
strong ethic for self-help and self-reliance by seeking solutions to their own problems 
without the help of their teachers. 
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The data revealed that students and teachers indicated the instant playback feature 
of the software as one of the most useful features ofMNS. They agreed that the ability to 
hear one's work instantly with the appropriate instrument timbre enabled them to work 
more efficiently and with more confidence. The participants also indicated that students 
regarded the use of computers and MIDI technology as highly useful and were receptive 
to the use of technology in the classroom. This perhaps was due in part to students ' prior 
technological abilities and their willingness to learn new technologies (Dorfman, 2013). 
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Chapter V: Interpretation of Findings and Conclusion 
This chapter will be organized with a re-statement of the purpose and research 
questions ofthe study. I will discuss the findings of the study with respect to the research 
questions and describe the relationship ofthe findings to the TPACK framework used in 
the study. I will then suggest implications of my study for the music education 
profession. Finally, I will discuss the need for further research. 
The purpose of the present study was to gain a greater understanding of the 
practice of high school music teachers who use music notation software in their music 
classrooms. The specific research questions guiding this project were: 
(a) How do the high school music teachers in this study describe their experiences 
with music notation software in the music curriculum? 
(b) What do the high school music teachers in this study believe students learn 
through the use of music notation software? 
(c) How does using music notation software influence the teaching practices of 
the high school music teachers in this study? 
Discussion 
For my first research question, I wanted to explore the perspectives of the high 
school music teachers with their experiences of using music notation software in the 
music classroom. Applying the TP ACK framework to my coding scheme helped to 
synthesize the fmdings of my study. Within the framework, the emergent themes that 
supported the TP ACK constructs pertaining to my first research question were: 1) 
120 
teaching theory, composition, and aural skills (TPCK), 2) ease of assessment (TPCK), 3) 
learning curve (TPK), 4) instant playback ability (TK), 5) use of online sites (TK), 6) 
increased student interactivity (TPK), 7) increased time to teach course concepts (TPCK), 
8) use ofvisual indexing and tutorials (TPK). 
With respect to my first research question, all of the participants noted that using 
notation software was useful for teaching music theory. Many of my observations 
included composition tasks that were designed to teach music theory lessons. The study 
of theory was often imbedded in composition or arranging tasks. For example, Leonard 
had his students compose new melodic lines for "Twinkle Twinkle Little Star" in major 
and minor modes. Music composition was the recurring vehicle used for students to learn 
music theory. 
The use of technology (music notation software) integrated with teaching music 
theory (pedagogical and content knowledge) illustrates how the TP ACK framework 
supports effective teaching. Leonard, for example, successfully integrated his knowledge 
of technology with his pedagogical and content knowledge. It is particularly significant to 
note that his approach to teaching included the use oftechnology as an equal construct to 
content and pedagogical knowledge. For instance, his presentations to his class were 
accomplished electronically through the use of a Smartboard, projector, and wireless 
technology. Additionally, Leonard assessed the work of his students by playing the tasks 
in class while viewing them on the Smartboard and using the school' s course 
management software for grading and sharing assignments. 
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The participants indicated they used the software for other tasks that helped their 
teaching. For instance, Andrew used the software to create worksheets for class 
assignments and to teach aural skills. Andrew and Leonard used the MIDI capability of 
Finale to import files obtained from the Internet. These files were then used in classroom 
assignments such as the study ofharmonic progressions or the study of melodic contour. 
All of the participants used the software to transpose parts for school ensembles. Edward 
found the software useful in teaching music literacy to his students. Finally, the 
participants unanimously agreed that using MNS to teach arranging concepts was also 
useful in their teaching. 
A review of the literature in Chapter 2 indicated that although music educators 
use music notation software extensively, there is little information relating to how this 
software might be used for teaching specific musical concepts and skills. For example, 
Dorfman (2006) studied how students used a specific brand of notation software in a 
given task and how the design of the software was conducive to music learning. Vogt 
(2005) examined the use of notation software as a tool for memorizing piano 
performance literature. 
Other studies in the literature investigated the use of notation software for specific 
tasks. For example, Han (2004) examined the use of technology in university music 
composition courses. Belkin (1994) reviewed the notation software programs available 
on the Macintosh platform. Contrastingly, my study investigated the broader spectrum of 
how music teachers use notation software in their classrooms for teaching musical 
concepts. 
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With respect to my second research question, the findings that supported the 
TP ACK constructs were: 1) increased student retention (TPK), 2) sharing of assignments 
among teachers and students (TPCK), 3) use of online sites for tutorials (TPCK), 4) use 
of auto-correct functions for self-help (TK), 5) students' preference to use technology 
(TK). 
For my second research question, I explored the teachers' perspectives of how 
students learn through the use of notation software. The participants consistently stated 
that students reacted positively to the use ofMNS and became actively engaged in using 
it. The findings from this study supported the assertion by Dorfman (2013) that many 
students already had a comfort level utilizing technology in the classroom due in part to 
their experiences with laptop computers, smart phones, and portable notebooks. 
The teachers related that the instant playback feature of the MNS was the most 
important factor in the efficiency and accuracy of the tasks the students were given. 
Students favored the software's the ability to explore different timbres and instantly hear 
the results. Additionally, this ability helped students to understand the concepts of 
orchestration. 
The participants noted that student motivation to learn and discover things on 
their own increased when they used notation software. Many students also reacted 
positively to the use of online tutorials and their ability to solve their own questions 
through self-help forums. For example, students from Leonard's class indicated they 
routinely referenced online materials to help solve questions they had when doing 
assignments. 
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There were consistent fmdings from prior studies that reinforced the findings 
from my second research question. For instance, studies from Picconi (2003), Taso-Lim 
(2006), and Lin (2005) indicated that students preferred the use of technology in the 
classroom. Similarly in my study, the teachers indicated that students preferred to use 
notation software, produced better results when using it, and had better retention of the 
content. 
The current study indicated the feature to share assignments among teachers and 
students was extremely desirable. This finding is in contrast to previous studies such as 
Dorfman (2006), Vogt (2005) & Han (2004). Students in my study were able to interact 
electronically with teachers and other students and ultimately solve problems or receive 
assessments of their work. The literature discussed in Chapter 2 found no evidence of 
studies that examined this aspect of implementing technology in the classroom. 
My third research question examined how the use of music notation software 
affected the teaching practices of the participants in my study. The teachers in the study 
unanimously preferred using MNS to teach their theory classes. They preferred the 
instant playback ability and ease of use of using MNS to the traditional method of using 
pen and paper. They agreed that once a learning curve (familiarity with the program' s 
tools and design) was achieved, their teaching practices were enhanced with the use of 
MNS. They also noted the ease of assessing the student's scores electronically and the 
ability to download additional files from the Internet. No participant in this study 
indicated that they would go back to teaching their technology courses without using 
MNS. 
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All of the participants agreed that using MNS helped them to achieve the most 
effective results in their teaching. For example, Andrew stated that the progress in his 
classes was positively affected by using notation software and he was able to teach more 
musical concepts during the semester with the technology. He noted the students' 
finished scores and AP theory test scores indicated the positive effect that MNS had on 
his teaching. 
Additionally, all of the participants embraced the use of technology in their 
teaching. They sought to secure funding for technological purchases and upgrades in their 
respective school districts. They uniformly acknowledged the usefulness of technology in 
their classrooms and realized the potential for integrating it in the classroom. 
The answers to my third research question revealed constructs within the TP ACK 
framework. For example, teachers identified several features of using music notation 
software that affected the teaching practices. Among them were: 1) the use ofMNS for 
various music disciplines other than theory and composition (TPCK), 2) the ability to use 
new compositional concepts instantly (TPCK), 3) MIDI cross-application uses (TPCK), 
and 4) the ability to assign notation software for other courses (TPCK). The teachers in 
my study agreed that teaching without MNS would make many of the educational 
outcomes implausible. For instance, the ability to use MIDI to transfer Finale scores to 
another program would be prohibitive without the use of technology. 
Previous music technology studies investigated how the use of music technology 
affected the pedagogical practices of teachers. For example, in a study by Buck (2011) 
notation software was used to provide audio examples of musical scores for student 
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practice. In another study, Vogt (2005) investigated pre-college piano performance 
students and their understanding of harmonic progressions by employing Finale 
worksheets. In the current study, however, the use of a specific software program was 
examined in the context of the music classroom. While other studies used MNS to study 
achievement of students, this study sought to determine what affect the use of MNS had 
on the participants' teaching practices. 
Implications for the Profession 
Music notation software has developed at a very rapid pace. Considering that 
MNS was in its infancy in the 1980s and now it has evolved into feature-rich software 
applications, it is safe to assume that trends and advancements in music technology will 
indeed affect the future status ofMNS applications. For example, currently the 
MakeMusic program SongBook, runs on an iPad as an app. SongBook enables a user to 
view, play and print scores created with Finale software. It remains to be seen how 
programmers and manufacturers will implement new technology into MNS. Suffice it to 
say that MNS is a useful tool and current music educators who use it and music education 
students coming out of academic institutions have at least some familiarity with it 
(Cremata, 2010). Likewise, the trend toward teaching technology to undergraduate music 
educators has taken hold. 
Undergraduate course curriculums have included music technology courses for at 
least a decade or more (Cremata, 2010). It is rare that a music education graduate does 
not have some experience with music technology (Watson, 2011). The current study, one 
that studied the use of MNS in high schools, illustrates the point that music technology 
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now is being taught in high schools. By the time students enter music school, many are 
tech savvy to the point that in many cases they are already familiar with traditional music 
technology programs such as Finale and Sibelius. 
Music education programs should embrace the use of technology. Often the use of 
technology is considered an "add on" and not an important part of effective teaching. I 
would hope that readers of this current study glean from it the importance of embedding a 
course in MNS within the undergraduate music education curriculum. For instance, a 
course in MNS could easily be taught along with freshman or sophomore music theory. 
Watson (2011) observed two trends that have brought these great technology 
resources within the reach of music educators who might not have otherwise been able to 
take advantage of them and stated: 
First, program designers have been making the technical side of the technology 
more and more invisible so users can get at the creative side more easily, without 
distraction. Second, more and more freeware, shareware, open source, and web 
applications (online programs) are being created and offered at little or no cost. 
(p. 3) 
As a composer, my initial interest in the use ofMNS was how modem composers 
use notation software. Specifically, as more modem composers are trained in music 
conservatories, I questioned whether they are trained using MNS and in the use of 
technology or are they trained in the traditional method of handwriting scores and parts 
without the use of a technological aid. As the purpose and research questions of this study 
were finalized, I narrowed the focus of my study to the use of MNS among selected high 
school music teachers. 
As a result of conducting my study, I questioned whether a true variable in my 
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study could have been a participant's prior experience with music technology. The 
respective backgrounds and experiences with music technology software and hardware 
were indicated during my data collection, however, there was a clear disparity among 
participants who were technologically savvy and had studied music technology in their 
undergraduate programs and those who did not. Those with prior technology experience 
appeared much more comfortable with using MNS and troubleshooting potential 
problems. They were knowledgeable about music technology software and hardware and 
confidant with researching their music technology purchases. 
The early career vs. late career status of some participants seemed to correlate 
with their technology experiences. For example, those in their early careers and just out 
of college may have had more experience with music technology while late career 
teachers may have not. Conversely, however, late career teachers because of their 
experience, may have discovered more efficient ways to teach theory and composition 
courses. 
Because of these concerns, I would suggest some areas of further study to 
augment the findings of this study, which I will discuss in the next section. Future studies 
of this nature can add to the existing body of knowledge in music education. 
Need for further research. 
Additional studies concerning music technology in education are needed to 
examine the effect of technology experience on current and future teachers. As late career 
teachers retire their new replacements typically have some music technology experience 
from their undergraduate music programs. Whereas some teachers embrace technology, 
other teachers are resistant to use it or do not feel it can be useful for their respective 
discipline. These studies could examine how music teachers who teach MNS and are 
technologically savvy compare to music teachers who are less inclined to depend on 
technology as a motivator. For example, a vocal teacher who teaches applied vocal 
techniques may not feel there is a use for teaching MNS or using technology. 
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Furthermore, I questioned if a connection between teaching effectiveness and 
one's experience with technology existed. I would propose a study to examine this 
relationship. Teaching effectiveness of course encompasses many things, but could there 
be a compelling causal relationship between good teaching and the use of technology in 
the classroom? 
As late career teachers retire, their replacements will be younger teachers fresh 
out of college and presumably having some degree of experience in technology. As time 
goes on, the ratio of late career teachers with little technology experience to early career 
teachers that are technologically savvy will change. With current music education 
graduates having at least some experience with technology (Watson, 2011), I believe the 
use of technology will become more commonplace in the classroom. 
Similarly, I believe a study that examines the effectiveness ofMNS being taught 
by educators with various music backgrounds would also be of value. For example, is 
there evidence that a teacher with a choral background would have more success teaching 
MNS than a teacher with an instrumental background? What TP ACK factors could 
influence this determination? 
As a composer and instrumentalist I have studied proper ways to notate my ideas 
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in composition courses. In fact, I have never had a composition course where proper 
forms of notation were not discussed and included in the curriculum. My decision to use 
MNS was a natural one as I evolved from hand written scores to computer generated 
scores. Although all music educators are musically literate and read music, some music 
disciplines lend themselves more to performance techniques or musicology rather than 
composing or arranging (e. g., applied music lessons, conducting, or music history). I 
believe a study would be beneficial to examine the effect of one's musical background on 
their pedagogical use of music technology. 
Additionally, there are music educators who work with students who do not read 
music notation well or at all, but nevertheless have good musical ability. With the advent 
of music technology production programs and apps, the role of music producer 
(composer) takes on an interesting position. Icon based music production programs such 
as Garage band require little or no music knowledge or literacy to yield good results. 
Music Creativity Through Technology (www.musicCreativity.org) is a site 
dedicated to music educators who work with an estimated 80% of students who do not 
participate in traditional performing ensembles such as chorus or band. Williams' (2012) 
research examined how some students, "non-traditional music students" (NTMs) who are 
not inclined to participate in traditional music ensembles react favorably to learning 
music through technology. The website lists some characteristics of an NTM. Among 
them are: 1) in the 6th-12th grades, 2) a non-participant in traditional performing 
ensembles, 3) having a music life completely independent of school music, 4) may or 
may not be playing an instrument (if so, likely drums, guitar, or sing), 5) may or may not 
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be able to read music notation, 6) small percentage students who are unmotivated 
academically or discipline problems (musiccreativitty.org homepage). With respect to my 
current study, I would like to see further investigations into the use of music notation 
software with NTMs. The studies could explore the creative possibilities and potential 
musical outcomes of these students who otherwise do not take traditional music lessons 
or participate in school ensembles. These studies could be of particular interest in an age 
where some students are comfortable sitting for hours in front of a computer and creating 
music but not inclined to participate in a music ensemble. 
Finally, during this current study I sought to develop a more thorough 
understanding of how MNS is used in the high school classroom. Undoubtedly, the 
methods of how music is taught will continue to evolve. Opportunities for alternative 
ways to integrate technology into music education will take on an increasing role. As we 
have seen in the last 25 years, as technology advanced, those advances were implemented 
into music education. The conclusions of this study indicated that music teachers who 
used MNS in the classroom found it to be quite useful to music learning. The use of MNS 
also proved to have a positive impact on the learning of students associated with this 
study, as well as the teaching practices of the participants. As music technology 
advances, there needs to be a continuation of studies verifying the pedagogical impact of 
technology. Scholarship in this area is ongoing and should parallel the advancements in 
technology. 
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Table 1. Current music notation programs 
Program Platform 
Encore Windows/Mac 
Finale Windows/Mac 
Harmony/Melody Assistant Windows/Mac 
Lily Pond UNIX 
Lime Windows/Mac 
MagicScore Windows 
MidiNotate Composer Windows 
Mozart Windows 
MusicEdit Windows 
Music Publisher Windows 
Nightingale Mac 
Noteworthy Composer Windows 
Personal Composer Windows 
Score Windows 
Sibelius Windows/Mac 
Songworks II Windows/Mac 
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Table 2. Creswell's criteria for case study design 
Focus •Developing on in-depth analysis of a single case or multiple 
cases 
Discipline origin •Political science, sociology, evaluation, urban studies, other 
social sciences. 
Data collection • Multiple sources - documents, archival records, interviews, 
observations, physical artifacts. 
Data analysis •Description, themes, assertions 
Narrative form •In-depth study of a "case" or "cases" 
Table 3. Timeline for nine week study 
Observation # 1 
Observation #2 
Observation #3 
Interview # 1 
Interview #2 
Interview #3 
Andrew 
11-9-2011 
12-20-2011 
1-20-2012 
11-12-2011 
12-23-2011 
1-21-2012 
Leonard 
11-11-2011 
12-16-2011 
1-27-2012 
11-14-2011 
12-23-2011 
1-31-2012 
All classroom observations were for fifty-minute classes. 
All interviews were twenty to thirty minutes. 
Edward 
11-22-2011 
12-12-2011 
1-25-2012 
11-28-2011 
12-22-2011 
2-6-2012 
Andrew and Leonard' s interviews were conducted by Skype. Edward's interviews 
were conducted by phone. 
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Table 4. Initial coding categories scheme. 
Instructor Software Design Student Pedagogy 
•Ease of •Ease of use •Student retention •Learning 
Assessment •Quickness •Sharing of objectives 
• Instant AIV ability • Learning curve assignments among • Learning outcomes 
•Use of on-line sites • Instant playback classmates •Content 
• Increased student • Input/Output •Use of on-line knowledge 
interactivity sites for program •Technology 
• Increased time tips knowledge 
teaching course • Use of auto-correct •Pedagogical 
concepts function knowledge 
• Use of visual •Student preference 
tutorials to use technology 
•Content- theory, 
composition, 
arranging, aural 
skills 
•MIDI cross-
application uses 
• Multiple music 
applications 
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Table 5. Emergent codes within the TP ACK framework 
1. How do the high school music teachers in this study describe their 
experiences using music notation software in the music curriculum? 
•Teaching theory, composition, aural skills- TPCK 
• Ease of assessment- TPCK 
• Learning curve - TPK 
• Instant playback ability - TK 
•Use of online sites- TK 
• Increased student interactivity - TPK 
• More time for teaching course concepts - TPCK 
• Use of visual indexing and tutorials - TK 
2. How does the use of music notation software inform teachers in this 
study about the learning experiences of students? 
• Increased student retention - TPK 
•Sharing of assignments among teachers and students - TPCK 
•Use of online sites for tutorials- TPCK 
•Use of auto-correct functions for self-help- TK 
•Students preference to use technology- TK 
3. How does using music notation software influence the teaching 
practices of the high school music teachers in this study? 
•Used for various music disciplines besides composition and theory- TPCK 
• Ability to use new compositional concepts instantly- TPCK 
• MIDI cross-application uses - TPCK 
• Ability to assign notation software to students for other courses - TPCK 
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Table 6. Observed constructs in a cross-case analysis 
OBSERVATION ANDREW LEONARD EDWARD 
Composition task Yes Yes Yes 
Student music literacy Good Good Minimal 
Knowledge of MNS Program Good Very Good Minimal 
Import MIDI files Yes Yes No 
Online Help Yes Yes No 
Technology experience Good Good Fair 
Technology problems Minimal Minimal Several 
Theory instruction Yes Yes Yes 
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Appendix A 
A sample of the informal and semi-structure questions for interview #1 
1. What type of notation software do you use? 
2. What type ofDAW do you use? 
3. What type of computer platform and why? 
4. How did you decide on the task for the students to complete? 
5. Could this task be completed without the use of music notation software? 
6. How do you implement the Smartboard into your teaching MNS? 
7. Is the instruction time allocated for MNS efficient? 
8. How would you assess the use of MNS? 
9. Do you use MNS for other tasks? 
10. What other tasks are planned with MNS? 
11. Are there technological problems with MNS? 
12. Can MNS supply all of your instructional goals for this course? 
13. Do you have a wish list of features for the MNS that you use? 
All questions during personal interviews provided a starting point for further probing. 
Appendix B 
A sample of the informal and semi-structure questions for interview #2 
1. How has your class progressed using MNS since our last interview? 
2. Have you discovered anything new about the program since our last 
interview? 
3. Have you discovered any new uses for MNS since our last interview? 
4. Have you purchased any new music technology equipment since our last 
interview? 
5. How has using MNS impacted your pedagogical goals since our last 
interview? 
6. Have you incurred any technological issues since our last interview? 
7. Have you decided on any changes for your course regarding MNS? 
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Appendix C 
A sample of the informal and semi-structure questions for interview #3 
1. How do you describe your experiences of using MNS in your classroom? 
2. How does your use of MNS inform you ofthe learning experiences of your 
students? 
3. How do you feel MNS has influenced your teaching practice? 
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AppendixD 
Booton Uniotet'Sity Charles River Campus lnst.lutiona! Revir,v ilf•·' '" 
Room 157 
25 Buick Stleet 
BOSTON 
J UNIVJ· H '> ll Y 
Boston. Musachusetts 022 1~ 
T 617-358-6115 
www.bu.euu/ irb 
Notification of IRB Review: Exemption Request 
September 26, 201 I 
David Villani 
College of Fine Arts 
855 Commonwealth avenue 
Boston, MA 02215 
Protocol Title: An Apprai.sal of the Ulie ofCompu~ Music Notation Software among seleaed High 
School Music Teachers 
Protocol #: 2674X 
IRB Review Type: Exempt Category 1 
Dear Mr. Villan i: 
On September 26, 20 II the IRB determined that the above-referenced protocol meets the criteria for 
exemption in accordance with CFR 46.1 0 I (b) (I )Research conducted in established or commonly 
accepted educational settings, involving normal educational practices, such as (i) research on regular and 
special education instructional strategies, or (ii) research on the effectiveness of or the comparison among 
instructional techniques, curricula, or classroom management methods. 
Per the protocol, you will be conducting audio-recorded observ11tions and interviews of3 music teachers 
that use music notation software in their curricu.lum. The exempt determination includes the use of: a 
consent fonn, recruitment email, and email f.O school adrninistrqtors seeking permission to conduct 
research in classrooms. 
Additional review ofthis study is not needed unless chang~ are made tp the current ver~ion of the study, 
Any ch11nges to the current protocol mu~t be reported and reviewed by the IRB. If you have any changes, 
please :oubmit the Clarljlcat/o1r F'fJFnr located at httj2:/lwww.bu.edu/irb/. No changes can be 
implemented until they have been reviewed by the IRB. In 11pproximately six months, you will receive an 
inquiry from the IRB to asce$in whether your study still meets the requirements for exempt review. 
If you have any questions, please contact me at 617-358-61 15. 
Sincerely, f_{/)lfdi:::y- -' 
V Debora Perez 1-(. 1 
• CRC IRB an"ly'st 1 
Boston Unlver~ity \ ,.. 
\ ... __..;/ 
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Appendix E 
Date: 
Dear (Name of proposed participant) 
My name is David Villani. I'm currently a D.M.A. candidate in music education at Boston University 
and am conducting a study of how music notation software Is used in the classroom, You are 
invited to participate In my study because you are a high school music teacher who uses music 
notation software in the classroom . . I identified you as a prospective subject based on a number of 
criteria: early career versus late career status if you teach disciplines like chorus or band instead 
of composition and theory, being part of a rural versus urban/suburban school districts, and 
because I felt you would provide diversity for my study. A number of other criteria, like 
geographic, academic, and career experiences were also factors. Before contacting you I contacted 
your school and obtained permission to contact you and request that you participate In my 
research study. Your participation Is voluntary and you are under no obligation to participate in 
the study. 
If you volunteer to participate in this study, you will be asked to be observed in your classroom 
and interviewed three different times over the course of one nine week marking period by me. 
The observations will be the length of one class period each. The personal interviews will average 
20 - 30 minutes for each one. The audio of the observations and interviews will be recorded. 
Personal interviews will be conducted either In person, by telephone or via Skype. The recordings 
are required so that they may be transcribed for data analysis. A system of coding will be used 
during the interviews and observations to protect your anonymity. For example you will be asked 
to supply the month and day of your birth and the last two letters of your last name. This code will 
be used during the interviews and observations. 
There is no risk to you or students if you choose to participate in my study. There is no cost to you 
other than your time, and you will receive no financial benefit from participating in the study. The 
proper IRB consent forms for you and your school administrator have been attached as pdf files. 
Your consent form can be returned either electronically, or in person at my first observation. 
The time frame for this study is Fall 2011. The duration of the study is expected to be six months. 
After the third observation, the data will be analyzed and sent to you for review. After your review, 
your part In the study will be essentially completed. 
Thank you for your consideration and I hope to have you participate In my study. Please feel free 
to call or email me if you have any questions concerning this. If you have any questions about your 
role in the study, please call me or email me. My contact information is listed below. 
Musically, 
David Villani 
DATA MUSIC SERVICES 
Recording Studios 
814 944-2406 
814 932-4831- c 
email: datadaye@earthlink.net 
or Penn State Altoona 
email: adv2@psu.edu 
Appendix F 
Boston University 
Dear Administrator, 
I seek your permission to invite a music faculty member from your school to take 
part in a research study. The study will be conducted by me, David Villani, a 
doctoral (D.M.A.) candidate in music education at Boston University. The study is 
being conducted to learn more about the use of music notation software by music 
teachers. Your music teacher is asked to be in the study because he/she teaches 
the music courses that I wish to observe. A number of other criteria were used to 
narrow down my search: career experience, educators that teach disciplines like 
chorus or banc;l instead of composition and theory, rural versus urban/suburban 
school districts, and faculty that would provide the maximum amount of diversity 
for my study. 
If you permit the study to be conducted in your school, several things will happen. 
1. I will attend and observe three of your teacher's music classes at your 
school where music notation software is taught and used. 
2. I will audio"record the teacher during the classes but the names of 
students and teacher will never be recorded. I will present myself to the 
class and remind the educator that names should not be used during the 3 
observations. I will also explain this to the students. 
3. I will observe the classes three times over the course of one nine-week 
marking period. 
4. Some of the students' questions and responses may be recorded along 
with the teachers' classroom presentations but these questions and 
responses will never be linked to the student's identity. 
5. I will conduct personal interviews with the teachers that do not include 
class time. The interviews times will be arranged and conducted either in 
person, via Skype or by telephone. 
There are no foreseeable risks to the participants involved in my research. 
Your school, your music teacher, and your students will not receive any direct 
benefits from participating in my study. 
Even though the music educators participating in my study might not benefit 
directly, this research could help others by allowing me to study the ways that 
music teachers use music notation software. The findings of my study could 
possibly help other music teachers with their use of music notation software as 
well as supply data for music technology curriculum and funding. / 
You are under no obligation to permit your music teacher to participate in the 
study. There are no financial costs Involved in participating in my study. 
11 p " g~ 
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The only cost to your music teacher for this research is his/her time. Your music 
teacher will not be paid to participate in this research study. I will keep the 
information from the classroom observations stored in locked cabinets and a 
password protected computer. I will be the only one with access to the data and 
the recordings and identifying information on the student and teachers will never 
be recorded. Once the mandatory 3 year term is up, and the study is completed, 
the recordings and information will be destroyed. 
Your music teacher's participation in this study is completely voluntary. They may 
stop participating at any time during the study. If you have questions regarding 
this research you can contact me at: A. David Villani at 814 946-5313 or 814 
9324831 cell or adv2@psu .~du or datadave@earthlink.net. 
If you agree to permit your teacher to participate in the study you can simply 
respond to this request via email. 
Thank you for your consideration. 
David Villani 
401 43'd Street 
Altoona, PA 16601 
21P ag.0 
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